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OFFICERS FOR 1898. 
President, FTELEY. 
Vice-Presidents. 


Term expires January, 1899: Term expires January, 1900: 
GEORGE MENDELL, EDWARD NORTH, 
JOHN WALLACE. FREDERIC STEARNS. 


Secretary, CHARLES WARREN HUNT. 
Treasurer, JOHN THOMSON. 


Directors. 
Term January, Term expires January, Term expires January, 

1899: 1900: 1901: 
GEORGE JUST, JAMES OWEN, DEYO, 
WM. BARCLAY PARSONS, RUDOLPH HERING, JOHN KENNEDY, 
HORACE SEE, HENRY MORSE, HENRY MANLEY, 
JOHN FREEMAN, BENJAMIN CROSBY, CHARLES SCHNEIDER, 
DANIEL BONTECOU, HENRY HAINES, JOHN McVEAN, 
THOMAS SYMONS. LORENZO JOHNSON. GEORGE WISNER. 


Assistant Secretary, McMINN. 


Standing Committees. 


THE PRESIDENT THE SOCIETY ex-officio MEMBER ALL COMMITTEES. 


HORACE SEE, EDWARD NORTH, WM. BARCLAY PARSONS, 
DEYO, JOHN THOMSON, CHARLES WARREN HUNT, 
JAMES OWEN, RUDOLPH HERING, GEORGE JUST, 
JOHN FREEMAN, JOHN WALLACE, FREDERIC STEARNS, 
DANIEL BONTECOU. HENRY HAINES. JOHN KENNEDY. 


Special Committees. 
STANDARD :—Sandford Fleming, Charles Paine, Theodore Ely, 


ANALYSIS IRON AND STEEL the American Society Civil 
Engineers (of the International Committee Standards for the Analysis Iron and 
Steel, which Prof. Langley Chairman)—Charles Dudley, William Metcalf, 
Thomas Rodd, Hunt. 

Units MEASUREMENT :—George Bond, William Black, McMath, 
Charles Dudley, Alexander Humphreys. 

THE PROPER MANIPULATION TESTS CEMENT :—George Swain, Alfred Noble, 


The House the Society open from o’clock every day, except Sundays, 
when the hours are from 
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MINUTES MEETINGS. 


THE SOCIETY. 


January 5th, 1898.—The meeting was called order 20.20 
o’clock, Vice-President William Hutton the chair; Charles 


Warren Hunt, Secretary, and present, also, members and 
visitors. 


The minutes the meetings December and 15th, 1897, were 
approved printed Proceedings for December, 1897. 

paper Bent Russell, Am. E., entitled, Experi- 
ence with New Machine for Testing Materials Impact,” was pre- 


sented the Secretary, who also read correspondence the subject 
from Mr. James Christie. 


The paper was discussed orally Messrs. Buck, Meem 
and Joseph Mayer. 


Ballots were canvassed, and the following candidates declared 
elected: 
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MEMBERS. 
JANON Norfolk, Va. 


MEMBERS. 
New York City. 
Boston, Mass. 
THOMAS JEFFERSON WILKERSON, Pittsburg, Pa. 


The Secretary announced the election January 4th, 1898, the 
Board Direction, the following candidates: 


JUNIORS. 


Epwin Pittsburg, Pa. 

Henry Hartford, Conn. 


The Secretary announced the deaths the following members: 


elected Member May 3d, 1876; died Mar. 2d, 1897. 

elected Member March 2d, 1887; died Decem- 
ber 17th, 1897. 

Henry elected Junior May 7th, 1890; died Decem- 
ber 20th, 1896. 

elected Member October 3d, 1888; died De- 
cember 30th, 1897. 


The Secretary announced that canvass was made January 4th, 
1898, the Board Direction, special ballot, provided for 
Art. Sec. the Constitution, and that the Board declared 
CHARLES WELLFORD Jr., elected Associate Member. 


The Secretary read the programme for the Forty-fifth Annual 
Meeting. 
Adjourned. 


ANNUAL MEETING.* 


January 19th, 1898.—The meeting was called order 10.20 
o’clock, President Benjamin Harrod the chair; Charles Warren 
Hunt, Secretary, and present, also, 242 members and visitors. 

Messrs. Martin and Stern were appointed tellers 
canvass the ballots for officers for the ensuing year. 

The reading the minutes the meeting January 5th, 1898, 
was dispensed with. 

The Annual the Board Direction for the year ending 


full report the Forty-fifth Annual Meeting will published subsequent 
number Proceedings. 


See pages for the Annual Reports the Board Direction, the Treasurer 
the Auditor, and the Finance Committee. 
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Affairs. MINUTES MEETINGS. 


December 31st, 1897, and the Annual Reports the Treasurer, the 
Auditor and the Finance Committee were presented, and, motion, 
duly seconded, accepted. 

The Secretary read the report the Committee the 


award prizes, and the action the Board Direction regard 
thereto, follows: 


Report Committee Recommend Award Prizes. 
the Board Direction the 


GENTLEMEN:—The Committee appointed you recommend the 
award all prizes for papers published the during the 
year ending with the month July, 1897, respectfully reports that 
unanimously recommends: 


That the Norman Medal awarded Paper No. 805, entitled, 
Wind Pressures the St. Louis Tornado, with Special Reference 
the Necessity Wind Bracing for High Buildings,” Julius Baier, 

That the Thomas Fitch Rowland Prize awarded Paper No. 
783, entitled The Astoria City Water-Works,” Arthur Adams, 

That award the Collingwood Prize for Juniors made. 


Only two papers Juniors were published the Transactions dur- 
ing the year ending with the month July, 1897, and these, one 
had already been considered the Committee appointed award 
the Collingwood Prize for the year terminating December 31st, 1896. 

Respectfully submitted, 
FREDERIC STEARNS. 
Moore. 
Henry 

DECEMBER 1897. 

Resolution adopted the Board Direction January 4th, 1898. 

Resolved, that the prizes for the year terminating with the month 
July, 1897, awarded accordance with the recommendation 
the Committee: the Norman Medal Paper No. 805, entitled Wind 
Pressure the St. Louis Tornado, with Special Reference the 
Necessity Wind Bracing for High Buildings,” Julius Baier, 
Assoc. Am. Soc. E.; the Thomas Fitch Rowland prize Paper 
No. 783, entitled The Astoria City Water Works,” Arthur 
Adams, Am. Soe. 

The following Resolution was offered Knap, Am. Soc. 
E.: 

That the Board Direction requested consider the 
propriety offering the membership, copies the Historical 
Sketch the American Society Civil Engineers” plain binding, 
reduced price, the net proceeds applied the Building Fund. 
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The Resolution was adopted. 


The following Resolution was offered Henry Prout, 
Soc. E.: 


That the sense this meeting that Special Com- 
mittee appointed consider the subject Rail Joints for Standard 
Steam Railroads, and report the Society certain types joint for 
discussion and consideration, and that this subject referred the 
Board Direction for its action. 


The Resolution was adopted. 


The following Resolution was offered James Owen, Am. Soc. 
E.: 


Resolved: That Special Committee appointed, under the rules 
the Society, examine into the question Paints used for 


structural work engineering, and report this Society for discus- 
sion. 


The Resolution was adopted. 


The following Resolution was offered Knap, Am. 
E.: 


Resolved: That all publications this Society the practice 
designating the hours the day from o’clock discontinued. 


After discussion the following Amendment the above Resolution 
was offered George Swain, Am. Soc. E.: 


Resolved: That the sense this meeting that the use the 24- 
hour system the notices the Society should discontinued; 
and that the Board Direction requested consider the 


matter, with power discontinue the use the system they deem 
desirable. 


The Amendment was accepted Mr. Knap. 


motion, duly seconded, was voted that the latter clause the 
above resolution stricken out. 


motion, duly seconded, the resolution was lost. 


The following Preamble and Resolution were offered 
Crehore, Assoc. Am. E.: 


Whereas, the members this Society believe that some classes 
structures the engineering should subordinated the architec- 
ture, and others the architecture should subordinated the 
engineering; and 

Whereas, the Department Public Parks New York City re- 
cently employed firm architects, hitherto unidentified with bridge 
construction, prepare plans and specifications for the Lenox Avenue 
Bridge, erected One Hundred and Forty-fifth Street and 
Lenox Avenue, over the Harlem River; 

Therefore, Resolved, that the American Society Civil En- 
gineers (while recognizing and thoroughly appreciating the close 
relationship architecture engineering, and deeming each ab- 
solutely essential the success and advancement the other) hereby 
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record its disapprobation said recent action the Department 
Public Parks, and protest against the selection public officials 
person persons outside the engineering profession design and 
prepare plans for distinctly engineering work such importance 
and magnitude the bridge hereinbefore mentioned. 


motion, duly seconded, the above resolution was laid upon the 
table. 


The Secretary read the programme for the excursions, and gave 
some further explanations regarding the same. 

The Secretary read letter from Mr. Albert Davis, Secretary 
the North Side Board Trade, presenting for distribution twenty- 


five copies publication entitled, The Great North Side Borough 
the Bronx.” 


The following Preamble and Resolution were offered 
Thompson, Am. E.: 

consideration the fact that the Engineering Profession and 
the people this country have legal protection against any incom- 
petent unscrupulous person who chooses advertise sign him- 
self with the title Civil Engineer, thereby reflecting upon and in- 
juring the entire profession, and consideration the fact that 
has been found advantageous most States grant legal protection 
members the legal and medical professions. 


Therefore, Resolved: That the American Society Civil Engi- 
neers place itself record, favoring judicious legal restrictions 


against the unauthorized and improper use the title Civil 
Engineer. 


The Resolution, being declared out order, was amended the 
author read that ballot issued order that vote the 
Society secured. 


motion, duly seconded, the resolution was laid upon the table. 
The following report was then presented: 


Report the Tellers Appointed Count the Vote for Officers, 
January 1898. 
JANUARY 19TH, 1898. 
The tellers appointed canvass the ballots for officers the So- 
ciety respectfully report that they have performed the duties assigned 
them, and the count follows: 
Total number votes cast 
Not entitled vote 
Without signature 


Total number votes counted 
For President: 
Alphonse Fteley 


Frederic Stearns 
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MINUTES MEETINGS. [Society 
For Vice-Presidents 
District No. 1.—Edward 642 
District No. 3.—Frederic 643 
For Treasurer 
Directors, serve three years: 
District No. 1.—S. 646 
District No. 2.—John 646 
District No. 645 
District No. 4.—Charles 646 
District No. 5.—Onward 264 


Respectfully submitted, 
Wisner 


Tellers. 


The President announced that the following officers were eleoted: 


President, serve one year: 
ALPHONSE New York City. 
Vice-Presidents, serve two 


Epwarp New York City. 


Treasurer, serve one year 
New York City. 


Directors, serve three years: 
District No. New York City. 
District No. Montreal. 
District No. Boston, Mass. 


District No. Pencoyd, Pa. 


District No. Detroit, Mich. 
Grand Rapids, Mich. 
Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


January 4th, 1898.—Nine members present. 

Upon the recommendation the Library Committee was de- 
cided throw open the Auditorium for the meetings kindred 
societies, should they desire, upon the payment rental cover- 
ing the cost this Society. 

The appointment Vice-President Hutton the following Com- 
mittee Arrangements for the Annual Meeting was announced: 
Chas. Warren Hunt. 


The annual report the Board for the year ending December 31st, 
1897, was considered. 

The report the Committee recommend the award prizes 
was presented, and its adopted: 

Action was taken regard members arrears for dues. 

Resignations from the following were received and accepted: 


CHARLES SEARLE, Jun. Am. Soc. 


The reconsideration ballot the case Charles Wellford Leavitt, 
Jr., was canvassed and Mr. Leavitt declared elected Associate 
Member the Society. 


Applications were considered and other routine business trans- 
acted. 


Adjourned. 
*See page 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society will open every day hereafter from 
o’clock, exceyt Sundays, when the hours will from 


MEETINGS. 


Wednesday, February 2d, o’clock, regular meeting 
E., entitled ‘‘Standard Levee Sections,” will presented. This 
paper printed this number Proceedings. 

Wednesday, February 16th, o’clock regular meet- 
ing will held, which paper Herbert Wilson, Am. Soc. 
E., entitled Leveling the United States Geological 
Survey,” will presented. This paper printed this number 
Proceedings. 


DISCUSSIONS. 


Discussion the paper Spencer Miller, Am. Soc. E., en- 
titled Problem Continuous Rope Driving,” which was presented 
the meeting December 15th, 1897, will closed February 
1898. 

Discussion the paper Bent Russell, Am. Soc. E., 
entitled Experience with New Machine for Testing Materials 
Impact,” which was presented the meeting January 5th, 1898, 
will closed February 15th, 1898. 
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ANNUAL REPORT THE BOARD DIRECTION FOR THE 
YEAR ENDING DECEMBER 1897. 


PRESENTED THE ANNUAL MEETING, JANUARY 1898. 


The Board Direction, compliance with the provision the 
Constitution the Society, presents its report for the year ending 
December 1897. 


MEMBERSHIP. 


The changes membership are shown the following table: 


ADDI- 
JAN. JAN. IsT, 1898. TOTALS 
Associate Members....... 70| 213) 283 3 1 | 35 || 15 | 56 
105) 191} 296|| 110) 180) 9) 8 1 .| 85 || 41 | 35 


Associate Members, uniors. Associate, Juniors. 


will seen the table that the net increase during the year 
has been 58. 


The total number applications received during the year was 176. 
Action has been taken follows, 


Passed ballot Associate Members.............. 


Applications now awaiting action....... 
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ANNUAL REPORTS. [Society 


The losses death during the year number 17. They are 
follows: 


Two Honorary Members: James Duane, William Ezra Worthen. 

Twelve Members: Charles Benjamin Brush, Thomas Doane, Albert 
Fink, Thomas Davis Lovett, George Edward Mann, Silvanus Miller, 
Gouverneur Morris, Edwin Green Nourse, Francis Ensor Prendergast, 
Mirtiliano Sicard, Isaac Williams Smith, Joseph Veazie. 

One Associate Member: Frederick Beecher Lawton. 

One Junior: Henry Clay Yeatman. 

One Subscriber: John Drake. 


The following sums have been expended upon the Library during 
the year: 


26.00 
Total previous year........ 70.60 


The additions the library from all sources have been: 


Bound volumes......... 323 
Maps, photographs and 176 
The present number titles the library 921 


Heretofore your Board has emphasized the dependence the 
growth the Library upon legacies and contributions engineering 
literature from members, well from others interested the ad- 
vancement the objects for which the Society organized. Under 
the conditions which obtained the old house, which was not fire- 
proof, and which afforded neither the necessary room for expansion 
nor adequate facilities for those who desired use the books, was 
recognized that bring the Library date was practically im- 
possible. Under these conditions, can seen reference pre- 
vious annual reports, very little money has been expended the 
purchase new books. 

Your Board believes that the time has come when the Society has 
abundant ability acquire purchase such the more modern 
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Affairs. ANNUAL REPORTS. 


works engineering interest not possible secure gift, and 
that the near future our shelves should supplied with copies 
all volumes for which there demand. hoped that the new con- 
ditions will induce donations from authors and publishers technical 
works, many whom are connected with the Society, which will result 
large and valuable additions the Library. this connection 
attention called the shelf-room provided the New House. 
stated above, the total number titles the Library 921, esti- 
mated occupying space equivalent 000 volumes, while the 
stacks already erected have capacity for 50000 volumes, which 
capacity may any time doubled the erection another tier 
stacks. 
During the year, through the bequest the late William 

Worthen, Past President and Honorary Member, 239 titles, 
ing 444 volumes, were added the library. 


The Society House, for which ground was broken the 9th 
July, 1896, was formally opened the 24th November, 1897. The 
estimated cost ninety thousand dollars ($90 000) given the annual 
report for the year 1895, and incorporated later the conditions for 
the architectural competition, proved correct. was found possible 
execute general contract for the building, together with the cost 
excavating the lots, for the sum ninety-one thousand two hun- 
dred and seventy-five dollars ($91 275). 

addition this, however, the vault privilege was purchased 
from the city; the metal book-stacks, the bookcases and the book-lift 
were secured with view ultimate extension the Library. The 
gas and electic light fixtures, the furniture, decorations and hangings 
were arranged for that was possible turn over the members 
the day opening, house complete detail, and harmonious 
its entirety. Slight alterations and additions affecting the general 
contract were made the work progressed, but all these believed 
were necessary and desirable. 

While final settlement the contract has not yet been made, 
your Board now confident that the permanent loan will fixed 
not more than $90 000. 


has been heretofore reported the estimated value the Twenty- 


Street house proved correct one, the price received being 


$60 000 cash. 


Since December 16th, 1897, the House has been open every day be- 
tween the hours and 22, except Sundays, when has been 
open from o’clock. The record attendance being kept 
detail, and hoped that the use the Library, well the 
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ANNUAL REPORTS. [Society 
lounging and conversation room, will increase justify the ad- 
ditional expense incurred. 
the last Annual Report your Board made the following state- 
ment: 
believed, also, that most the 741 members who have not 
yet subscribed (to the New House Fund) have failed 
large measure owing the hard times, and not lack interest Fo: 
the project, and that, the work construction being progress, Fo: 
there are many who, under present financial conditions, would glad 
give least small sum the matter were brought their atten- 
tion. With this view, the Secretary has prepared sketch the 
history the Society which will presented the Annual Meeting, 
and has collected nearly complete set portraits the past officers 
for reproduction. Your Board, believing that the membership will 
much interested this work, has decided publish volume 
sold only subscription, price which will leave handsome 
profit devoted the New Society House Fund. The volume 
will printed the best manner, and will contain thirty-five half- 
tone reproductions portraits past officers; will bound full 
morocco, and generally designed with view making book which 
every person connected with the Society will glad have his 
library.” 
Although the profit the Society has not been all that was 
anticipated, the following statement shows that substantial amount 
from this source has been placed the credit the New Society 
House. 
edition was printed; 300 copies were bound full 
morocco, which 216 have been sold $10 per copy. The total cost 
has been 216.94, and the net profit, $943.06. 
To 
PUBLICATIONS. 
The following table gives detail summary the publications 
issued during the year: 
Total edition 
issued. Number. pages. Cuts. 
Constitution and List 
cus 


Includes Indexes and Tables Contents. 
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The cést publications has been: 


For Paper, Printing, Binding and Proceed- 


For Copyright and sundry expenses charged publica- 
For 660 extra copies papers.... ... .... 
For reprinting two early papers 126.11 
For time officers and clerks charged publications... 
Deduct amount received for advertisements. 827.50 
Deduct amount received for sale publica- 
Net cost publications for 1896 (see Report the Board 


CoMPARATIVE TABLE. 


(CHARGES FOR TIME EMPLOYEES EXCLUDED). 


1895. 1896. 
Total pages published........... 2008 244 
Average cost per page..... $4.85 
MEETINGS. 


The Annual Meeting held New York, January 20th and 
1897, was attended 279 Members the Society and number 
visitors. 

The attendance the Twenty-ninth Annual Convention, held 
Quebec, Canada, was 168 Members and 158 Guests. 

semi-monthly meetings have been held which the maxi- 
mum attendance was 147, and the average 88. 

Twenty-one formal papers have been presented. the oral dis- 


cussion these persons took part, and correspondence from 132 
persons was presented. 
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ANNUAL REPORTS. [Society 
Total number old style badges issued....... 
1010 
Number new style badges issued date ........ 


MEDALS AND 


The Norman Medal for the year terminating August Ist, 1896, was 
awarded Greiner, Am. E., for his paper, entitled 
What the Life Iron Railroad Bridge 

The Rowland Prize for the year terminating August Ist, 1896, was 
awarded St. Coppée, Am. Soc. E., for his paper en- 
titled ‘‘Bank Revetment the Lower Mississippi.” 

During the year your Board has, with the consent the donors 
the three prizes, adopted new set rules for their award. Hereto- 
fore each prize had been awarded separate committee appointed 
the Board Direction, and the change was made order that one 
Committee should consider the merits every paper and recommend 
the awards all prizes the Board. The first award prizes under 
this new rule will made this meeting. 


FINANCES. 


The reports the Treasurer, Auditor and the Finance Com- 
mittee are appended. 


order the Board Direction. 


CHAS. WARREN HUNT, 
Secretary. 
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REPORT THE TREASURER. 


compliance with the provision the Constitution, the Treas- 


urer presents the following report for the year ending December 31st, 
1897: 


Balance hand December $11 455.88 
Receipts from current sources, January De- 

Receipts from other sources 808.00 
Received from sale old 000.00 
Received from sale 111.99 
Received mortgage, New House............... 105 000.00 


Payment audited vouchers, for cur- 
rent business January Ist Dec- 


Payment audited voucher, reduc- 
tion mortgage............... 000.00 


Payment audited vouchers, extra- 

ordinary expenses, January 

December 31st, 1897............ 163 987.15 
Balance hand December 31st, 1897: 

Union Trust Com- 


$267.44 
Garfield National 
hands the Treas- 


$239 275.39 $239 275.39 


Under the instruction and authorization the Board Direction, 
all the Society’s securities have been sold. The aggregate par 
value thereof was $17 000; cost, $19 156.82; amount received, above 
set forth, $21 111.99, realizing net gain $1955.17. the divi- 
dends, relative the market value, averaged about 4.59, while the 
rate interest paid our mortgage this disposal was equiv- 
alent reinvestment the Society’s surplus the higher rate 
mentioned. 

The mortgage the New House will eventually placed 
rate interest lower than that now charged. 


Respectfully submitted, 


JOHN THOMSON, 
Treasurer, Am. Soc. 
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REPORT THE AUDITOR FOR THE 


have the honor present the following statement 
ending December 31st, 1897. 


Balance December 31st, 1896, Bank 
and Trust Company and the hands the 


Library (sale 2.65 
New Society House (Subscriptions)............ 

1344.00 
Loan from Mutual Life Insurance Company... 105 000.00 
Sale Historical Sketch...... 010.00 
227 819.51 


$239 275 
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YEAR ENDING DECEMBER 1897. 
Receipts and Disbursements for the fiscal year the Society, 


General Printing and 464.08 
171.60 
Norman Medal—Rowland 171.05 
House, 127 East 23d Street: 

New Society House: 

contract for New House, Builder and 

$69 
For Decorations and for Fixtures, Book Lift, 

Book Cases, Furniture, Hangings, etc. 876.66 

769.47 

Moving from 127 East 23d Street New House........... 391.15 

Cancellation Mortgages: 

Guaranteeing Title and Legal Expenses..... 522.75 

022.75 

Reduction Loan from Mutual Life Insurance Company.. 000.00 
Balance Garfield National Bank.............. $10 497. 


750.41 


$239 275.39 
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The compensation paid each person the service the Society 
during the past year stated below, and also the several accounts 


which these payments have been distributed: 


Chas. Warren Hunt, Secretary, Librarian and Auditor, 


Finance and 460.00 


John Thomson, Treasurer, January December 
1897. 
Charged Finance and Accounts 


John Goodell, Assistant Secretary, January 1st Oc- 


Current 
Finance and Accounts.... ... 80.00 


Assistant Secretary, September 13th De- 


Charged 
Current 70.00 


Jefferis, Assistant Librarian, January October 


Charged 
Current 
Convention and Annual Meeting.. 3.00 


Eleanor Frick, Assistant Librarian, November 10th 
December 31st, 1897. 


Angell, Assistant Librarian, December 13th Decem- 
ber 31st, 1897. 


800.00 


800.00 


$100.00 


350.00 


350.00 


540.00 


$918 .00 


$85.00 
$25.33 
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Walter Brown, Accountant, January 1st December 
1897 


Charged Current Business....... $244 
Finance and 548 .32 
Convention and Annual Meeting.. 6.66 


Burke, Clerk, January December 31st, 1897. 
Charged Current Business 


Mullen, Stenographer and Typewriter, January 
December 31st, 1897. 


Charged Current Business 


Edgar Hawkes, Office Boy, January Ist November 30th, 
1897. 


Charged Current 


Charles Mayer, Office Boy, November 27th December 
31st, 1897. 
Charged Current Business 


William Holm, Janitor, January Ist November 18th, 
1897. 


Edward Arthur, Janitor, October 19th December 
15th, 1897. 


Frank Harrold, Janitor, December 15th December 
31st, 1897. 


Fred. Hagenbucher, Hall Boy, November 16th December 
31st, 1897. 


‘Louis Gloor, Hall Boy, December 15th December 31st, 


1897. 
Charged Current 


$799 .96 


000.00 


$96 .67 


$28 .33 


Total compensation $11 331.04 


“ 
1 
i 
4 
a 
| 
| 


ANNUAL REPORTS. [Society 
Convention and Annual 9.66 


Respectfully submitted, 


CHAS. WARREN HUNT, 
Auditor. 


REPORT THE FINANCE COMMITTEE. 


The Finance Committee begs leave submit the following report: 

has audited all bills paid during the year, and has found that 
the amount each has been properly charged. 

The accounts and financial books the Society have been ex- 
amined expert accountant and found correct. 

The Board Direction, the recommendation this Com- 
mittee, has authorized the Treasurer dispose the securities 
the Society the best advantage order meet the expenditures 
the New House. 

The Committee refers the report the Board Direction and 


Auditor for all details receipts and expenditures connected with the 
building the New House. 


HORACE SEE, 


Chairman. 


New January 13th, 1898. 
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Bowman, ........... Room 717, Have- 
NewYork City 
CoLEMAN, Asst. Engr., Mar- 
EasBy, WARD......... 411 Bullitt 
Philadelphia, Assoc.M. 
CHARLES Room 620, 218 Salle St., 
JOHN MITCHELL........ St. Nicholas Bldgs., New- 
castle-on-Tyne, England. 
Norton, JoHN Puerto Barrios, Guatemala, 
FRED Chf. Engr. Met. St. 
621 Broadway, New York 
ASSOCIATE MEMBERS. 
ARCHER, STEVENSON, Greenville, Miss.......... 
JAMES West 13th 
St., New Jun. 
CHARLES Jr. .15 Cortlandt St., New York 
McKenney, ALBERT. .... Engr., 


601 18th Jun. 
W., Wash- Assoc.M. 
ington, 


State St., Boston, Mass.. 
WALTER ALEXANDER....... 1100 Old Colony 
cago, 
Jun. 
HARRISON........ Tower Wal- 
lace, Holyoke, 


Date 
Membership. 


Sept. 
Dec. 


Nov. 


Nov. 


May 
Jan. 


Nov. 


Nov. 


Nov. 


1892 
1897 


1897 


1891 
1897 


1892 
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1898 
1897 


1897 
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1895 
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ADDITIONS LIBRARY AND MUSEUM. 


THOMAS JEFFERSON 
Works, Pitts- 

Keystone Bridge Works, 


CHARLES........ 


Dec. 1897 


JUNIORS. 


JAMES GEORGE.............29 Taylor West New 


Pirts, 


Brighton, 


Aug. 31, 1897 
Dec. 1897 


Henry Collins St., Hartford, 


Jan. 1898 


Changes and Corrections the Addresses Members are not published 
this number Proceedings for the reason that they will appear the new List 


Members, soon issued. 
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Bates Guild Company, Boston, 
Brochure Series Architectural 
Special Library Num- 
From Bernard Co., Paris: 
Cours Appliquée aux 
machines; Boulvin. 
Boston Public Library, Boston, 
ass.: 
Annual List New and Important 
Books added the Public Library; 
from the Monthly Bulletins, 


Builders’ Iron Foundry, Providence, 


The Venturi Meter. 


From California Academy Sciences: 
Development Glyphioceras and the 
Phylogeny the 
James Perrin Smith. 
From Commissioner Education, Wash- 
ington, 
Annual Report for 1895-96, Vol. 
From Deane Steam Pump Company, Holy- 
oke, Mass.: 
Catalogue for 1897. 
Field Columbian Museum, Chicago, 
Annual Report the Director for the 
year 1896-97. 
From Sherman Gould, Yonkers, Y.: 
Arithmetic the Steam Engine. 
High Masonry Dams. 


From Alva Jarvis Grover, Omaha, Neb.: 
Chart showing the Graphical Solu- 
tion the Hydraulics Fire 
based Experiments 
made John Freeman. 


From Hunt Co., New York: 
Catalogue, No. Steam and Elec- 
tric Hoisting Engines. 
From Institution Civil Engineers, Lon- 


on: 
Minutes Proceedings, Vol. 130; 
Brief Subject-Index, Vols. 119 130. 
From Kansas University, Lawrence, Kan.: 
University Quarterly, October, 


Yachtsman’s Guide and Nautical Cal- 
endar, 1897. 


From Gabriel Leverich, Brooklyn, Y.: 
Report the Trustees the New 
ork and Brooklyn Bridge for the 
Year ending December 1897. 


From McMinn, New York: 

Manual Tele raph Construction; 
the Mechanical Elements Electric 
Telegraph Engineering, John 
Christie Douglas. 


From Metropolitan Sewerage Cemmission- 
ers, Boston, Mass.: 

Ninth Annual Report the Metro- 
politan Sewerage Commissioners, for 
-Year ending September 30th, 

Two Maps the Metropolitan Sewer- 
age District. 

From Alex. Moncrieff, Adelaide, South 
Australia: 

Annual Report the South Australian 
Railways Commissioner for the year 
ending June 30th, 1897. 

From Paris—Commission des Logements 
Insalubres: 
Rapport Général sur les Travaux 
ommission, Pendant les années 1884 
1889, les années 1890-1891-1892. 
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Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS: 


Standard Levee Sections. 


Page 
Spirit Leveling the United States Geological Survey. 


STANDARD LEVEE SECTIONS. 
PRESENTED FEBRUARY 2D, 1898. 

engineering works covering extended field, with operations 
involving practically the same conditions, system and economy are 
obtained the adoption general standards form and specifica- 
tion. This particularly true the levee work the Mississippi 
River, extending over reach about 000 miles river, with some 
200 miles levees, and where there but slight variation climatic, 
topographical and geological conditions. 

For convenience administration the Mississippi River Commis- 
sion has divided the portion the basin from Cairo the 
Gulf into four districts, each which placed under the super- 
vision officer the United States Engineer Corps. These dis- 
tricts include the levees built the local, State and county boards, 
but which are, great extent, maintained the Government. 
papers are issued before the date set for presentation and discussion. 


Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 
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The first and second districts, extending from Cairo the mouth 
the White River, have been consolidated and are under one officer. 
The third district reaches from White River Warrenton, just below 
Vicksburg, and the fourth thence the head the passes. 

The climate varies but slightly this entire reach river, the 
winter the upper districts being more severe and extended, but 
the other seasons partaking practically the same changes. The 
high-water conditions are much the same, varying average height 
overflow and time maximum gauge reading. The topography 
similar: flat alluvial plain intersected numerous bayous and 
lakes, old river arms, having slopes gently declining from the 
river and the direction its flow. 

The foundations which the levees stand and the material which 
they are constructed are the same geological epoch, and, generally 
speaking, were formed the same agencies throughout. the 
lower district the alluvium more compact and tenacious and resists 
caving better than the districts above. 


1882 the first allotment for levee building was made the 


mission, and the work construction was undertaken with the same 
dimensions cross-section, and the same specifications required 
the local boards. 

Since 1882 approximately 000 000 cu. yds. earth have been 
placed the levees the Government. The form these levees has 
varied with the local conditions, but since 1887 the general specifica- 
tions have not been radically changed. 

few years ago the Government adopted standard sections which 
have since been adhered to, except cases where the conditions 
demanded more specific treatment. The first, second and third dis- 
tricts have practically the same standard for all levees ordinarily 
good foundations, and when constructed material not below the 
average strength. 

The standard dimensions are: Crown, ft.; front river slope, 
quette, elevation ft. below the top the main levee, added. 
The slope the crown this banquette width crown ft. 
and back Where the foundation bad, the material 


weak, the banquette section and perhaps the front slope the main 
levee increased. 
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The dotted lines Fig. show the shrinkage section which 
levees are built. The specifications, shown the accompanying 
statement (extract from specifications 1897), require the levee 
constructed 2-ft. layers with scrapers, well-grubbed and thor- 
oughly plowed foundation containing small exploration muck-ditch 
back with strong material, the best found the vicinity, 
and sodded 2-ft. intervals with Bermuda grass. 

the fourth district the dimensions the standard adopted vary 
with the height, and are intended conform more nearly the sup- 
posed theoretically perfect section. variations may further 
modified the other districts when required abnormal condition 
foundation, material construction, wave wash, etc. 

For levees from ft. height, the crown ft., the river 

For levees from ft. height the crown ft., the river 


For levees from ft. height the crown ft., the river 
slope the first ft. the land slope from the ground 

Fig. shows these sections and the method placing allowances 
for shrinkage. 

the upper districts 10% the height, both wheelbarrow 
and team work, required for shrinkage. 

These standard sections are expected withstand the water 
within ft. the crown the levee, without excessive saturation 
change form, and give unqualified protection under all normal 
conditions foundation and materials construction. 

When subjected water above the 3-ft. line, though they are in- 
tended remain intact, they cannot considered, either theoretically 
practically, standards excellence. 


Plate Fig. shows crevasse hole levee standard sec- 
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tion. the time the photograph was taken the crevasse was being 
drained; few days later the construction the levee was com- 
menced the end shown, and was carried forward through the hole. 
Fig. shows standard levee, ft. high, under construction. 

About two years ago occurred the author compare the 
third district levee section with all the old American sections and 
with those used foreign countries order determine what evolu- 
tion levee building there had been, any, and how the practice 
one part the world compared with that another; each growing 
out the necessity for protection against flood, modified the 
restrictions economy, and each beginning with the simple methods 
taught good practical sense, untutored any scientific knowledge 
earth water. 

The foreign sections were taken almost exclusively from the 
valuable paper William Starling, Am. Soc. E., entitled 
Notes the Holland and its discussion. Figs. 


and are cross-sections old state levees and foreign levees, and 


show this comparison; the principal dimensions each levee 


indicated thereon; the third district standard being represented 
full lines, and the foreign sections dotted lines. the area 
the latter the greater, and outside the standard, shown 
with heavy shading. Where the standard section exceeds the 
foreign, indicated with light shading. The high water shown 
that the foreign rivers, and most instances less than ft. 
below the crown the levee, and not necessarily the highest water 
the levee has withstand that particular locality. raising the 
standard section the 3-ft. limit the comparison more favorable 
it; but this was not done, the standard thus far this country has 
been frequently required hold out water the crown, and will 
continue thus strained until many more millions the public 
funds have been expended raising the general line the Mississippi 
elevation commensurate with the maximum high water produced 
the confinement the flood between continuous levee lines. 

examination the sections and the table approximate 
areas and differences will seen that general rule the old 
levees this country from 1717 1835 were constructed with 
smaller section than the standard. The levee 1717 New Orleans 
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cannot taken criterion the levees that date, occupied 
one the streets the city and was used for roadway ft. 
width. 

From 1854 1873 the standard was nearly similar the present, 
but was not generally adopted account the necessity for economy; 
the section being reduced obtain greater length line. 

the majority cases the foreign levees exceed the standard 
cross-section, but, that portion between the crown and horizontal 
plane ft. below, the excess proportion the area much greater 
than below. This very plainly shown Table No. the columns 
percentages excess area where the foreign levee greatest, 
and due the fact that these levees are either graveled 
paved, and are used for general traffic; the wide cross-section not being 
adopted protection against water, but the only means land 
communication country constantly subject overflow. 

the new south dike the Linge, (left bank) sections 40, 
the excess percentage area above ft. not pronounced, be- 
cause here excessive section was given the lower area account 
the weak and treacherous soil which rests. This new South dike 
the Linge the largest and most elaborate work, except the sea 
dikes, that was met with the Netherlands.” 

the standard section, which not used roadway, crown 
such given most the Dutch, German and Italian levees (from 
ft.) would waste material, adding unnecessary 
strength withstand hydrostatic pressure, and weight placed the 
wrong place economically counteract hydraulic action occurs 
saturated soils. 

Eliminating the excess area due roadway, found that the 
foreign and American practice are much the same many instances, 
and the greater strength foundation and materials construc- 
tion, many instances, the third district levees, taken into ac- 
count, the theory and practice the two sides the ocean will ap- 
pear very similar. 

The question that naturally arises mind the levee engineer 
is. the theoretically correct section this standard, which 
has grown out practical experience and compares favorably with 
those adopted abroad? This short paper submitted the Society 
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Old Creole Levee, built the 18th Century 
existing 1874. 


New Orleans, 1717. 
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with the hope that some the members, many whom have had 
long and varied experience, involving the saturation soils, clays, 
dams, levees, canals, etc., and are learned the theoretical 
knowledge many engineering problems, may induced discus- 
sion throw some light important this and also 
other countries, where extensive lines levees and earthen dams are 
used, consuming their construction large public and private funds. 

Without taking into account the effect waves exposed levees. 
which necessitates recourse special slopes and methods protec- 
tion, planking, revetments, etc., the whole question standard sec- 
tion depends the permeability the embankment and foundation, 
that is, the extent seepage, percolation, and the best form and 
method for overcoming different materials. 

buckshot clay, which practically impermeable, the section 
might given strictly theoretical form, dependent alone the 
height the water and the weight the buckshot; allowing some crown 
merely for increasing the height time excessive flood, the slopes 
being plane surfaces with inclination sufficient insure the 
required weight counteract the hydrostatic pressure and the angle 
repose the material. 

cases permeable materials, light clays, sand and loam, the 
levee becomes partly saturated when subjected high water, the line 
demarkation between saturated and dry soil descending hy- 
draulic gradient varying inclination with the which the levee 
composed, and being probably very irregular trace because the 
lack homogeneity the material the body the levee. 

that the material shown above adds but little the strength 
the levee, and the additional weight only increases the force that would 
tend push the dry section down the semi-saturated plane The 
banquette Hacts buttress, counteracting any such tend- 
ency, and distributes the weight the most economical and effective 
manner. 

surface soils, subject direct rainfall percolation from 
adjacent watered areas, the ground-water stands level deperdent 
the composition the soil, both physical and chemical, the natural 
and artificial voids and the hydrostatic pressure. nearly all soils, 
remote from intersecting fissures, wells streams, the line plane 


EXPLANATION. 


Right bank Lek, opposite Culemborg. 


Right bank Lek, Holland 
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saturation with the surface the ground, following 
the inclination hill and valley. Where wells, fissures, river- 
beds occur the surface soil, the line moist material, plane 
upper surface saturation, inclined towards the fissure, well 
river, the inclination depending the consistency the 

Where the hydrostatic pressure great enough, the soil becomes 
saturated the surface, often the case the land behind the 
levees the Mississippi during overflow. Where impermeable 
material, such Mississippi Valley buckshot clay (not ordinary 
soil), overlies sand, and the latter subjected any considerable hy- 
drostatic pressure, seepage occurs through the upper 
This frequently demonstrated excavating levee borrow-pits when 
the water the river near the bank-full stage and the top stratum 
buckshot considerable thickness. The pit remains dry until the 
plow scraper penetrates the sand, when becomes very short 
time pond. 

The saturation the soil due two causes, its ability hold 
the water capillary reservoir action, and the hydrostatic pressure. 
The former differs greatly different soils. 

levee, built permeable material, extended cross-section 
great distance, with crown, say 000 ft. wide, instead ft., the line 
saturation would probably parallel the crown for some distance 
and the same greater elevation than the water the river de- 
pending the capillary power the material and the length time 
the levee was subjected pressure. 

reducing the width crown the normal levee section, ft., 
the water saturation affected, asin the case the well river 
surface soils, and its surface made incline. 

The power soils resist the pressure water due their 
specific gravity, fineness comminution, cohesiveness, and the 
irregularity individual particles. Coarse sharp sand has greater 
resisting power than that composed fine, smooth, rounded 
particles. 

The author estimates the strength materials, found this 
levee district, resist deformation due seepage, their value for 
levee purposes, about the following order: 


See Bulletin No. Weather Bureau, 1892, Ground-Water. 
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Left bank Lek below Ameide. 


Left bank Lek Ameide. 


Left bank Lek below Lexmond. 
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(1) Buckshot and gravel tamped shallow layers. 

(2) Buckshot artificially mixed with sharp sand shallow layers. 

(3) Buckshot clay. 

(4) Heavy strong soils. 

(5) Coarse sharp sand. 

(6) Light soils. 

(7) Fine sand, rounded particles. 

The value strength levee standard section can pretty 
fairly gauged the position the line saturation during flood 
stages, constructed strictly accordance with the accompany- 
ing specifications, contains perishable matter, located good 
foundation, and well drained. author’s knowledge goes, 
the position this line has never been accurately determined for dif- 
ferent soils this country. Surface observations during floods have 
been made, but with little benefit, they have never been systemat- 
ically recorded, and are best casual inspections made when 
necessary devote all available time the administrative rather than 
the experimental function the work. 

The author has experimented with diminutive levees, but found 
the capillary action the lighter soils extensive that the entire 
section would become saturated, and after many futile attempts that 
method investigation was abandoned. the position this line 
saturation was known for all soils used levee building, theoreti- 
perfect standard could obtained which would reduce the 
cost levee construction known limits economy. 

The paper entitled Levees the Mississippi 
William Starling, Am. Soc. E., refers extensive and care- 
ful series experiments earths for levee building purposes, made 
Germany from 1872 1877, Mr. Schelten, and published 
the Zeitschrift Bauwesen for May the latter year. These experi- 
ments were made determine shrinkage, strength, resistance still 
and running water, capacity for retaining water, etc., but how reliable 
applicable the results are levee practice this country the 
author not informed. 

Surface observations the writer, during high water, indicate 
that most materials, the standard levee, with crown ft. above 
the water, carefully drained, the line saturation intersects the 


Engineering News, January 30th, 1896. 


Left bank Linge (New Scuth Dike.) 


EXPLANATION, 


Authority for Holland Sections: Major Wm. Starling, Chief Engineer, Mississippi State Levees. 


Pap 


40’ 


German and Italian Sections: Gen, C.B. Comstock, U.S, Engrs,. Prest. M.R.C. 
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back slope below the banquette, which ft. below the crown. With 
the water near the crown badly constructed levees very poor, 
light materials, the section becomes almost completely saturated the 
only resistance subsidence, sloughing, holding the levee 
place, being the wéight the abutting banquette and unbroken sod. 
Local drainage slopes such instaaces very beneficial. Badly 
constructed buckshot levees often slough after being subjected 
pressure long time great sections sliding, seemingly some soapy 
inclined plane cleavage, and not becoming generally saturated, 
the case lighter and more permeable materials. 

the new government levees, built average foundations, the 
line saturation varies from near the banquette slope, 
with the water near the crown, but when the water the 3-ft. 
limit, the slope becomes tol to8 The degree saturation 
perceived the back slope very quickly reduced slight fall 
the river, owing the reduction pressure and the compacting in- 
fluence the water. many instances, where the levee remains 


under pressure for long time with the water near the. crown, after 
certain limit time the seepage decreases, owing probably the 
shrinkage the material closing the interstices between the particles. 

The problem providing against excessive seepage one great 
importance levees placed bad foundations, and sometimes can 
only solved the use impermeable cores, consisting muck- 
ditches sunk strong strata and filled with tamped clay, sheet 
piling driven beyond the limit the dangerous subsoil. Cores 
cement and other materials have been advocated different times, 
but never adopted account their great cost and the uncertainty 
their effectiveness banks subject such excessive shrinkage 
and expansion different seasons and stages water. 


Many instances bad foundations, and levees built poor ma- 
terial giving way under the pressure high water, have come under 
the investigation the writer; notably 1892, Arkansas, that 
levee constructed sand ona sandy foundation underlaid logs 
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COPPEE STANDARD LEVEE SECTIONS. 
and other decayed vegetation. During the flood that year, the 
water forced passage under the levee, through channel formed 
rotten logs, and, when the pressure became sufficient, without 
warning burst out beyond the back slope. first the entire founda- 
tion was undermined, leaving the upper portion the levee standing 
the form bridge which was soon swept away the violence 
the current. 

Seepage and percolation are natural foundations and embank- 
ments and are not feared when the former free logs and 
holes and the latter constructed accordance with the latest 
practice; but, the standard the most economical and the best for 
general practice the Mississippi River, with the available material 
and necessary restrictions methods construction? 

the opinion some engineers that, long the results 
from practical methods are fairly satisfactory, further investigation 
but ultra-refinement and unnecessary; but the present status 
engineering practice, when best results the least 
seems the prevailing motto, such argument has but little 
meaning those looking for the highest standard attainable, even 
small matters. 

striving for the perfect all things that the plane 
higher civilization reached, which every branch engineering 
most important factor. 


CoMMISSION. 


38. Preparation Ground.—The center line the levee will 
staked out agent the United States. The fill and slope stakes 
shall set the contractor, from notes furnished him. All logs, 
trash, and other objectionable matter must cleared from the ground 
covered the new embankment, and for distance ft. be- 
yond the slope stakes. The entire surface between slope stakes must 
then thoroughly broken with spade plow, order form 
bond with the earth deposited, and such top soil the opinion 
the engineer charge unfit for the foundation shall removed. 
muck-ditch shall then cut, when required the engineer 
charge, such dimensions may direct. The muck-ditch for 
new work shall cut ft. from the center line the levee the 
side next the river, great care being taken not displace any the 
stakes the center line; for enlargement work, the muck-ditch shall 
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cut near the base the old levee. All trees, stumps, large roots, 
crawfish holes, and buried logs, where they are known exist, must 
dug out fora distance ft. beyond the slope stakes base the 
levee. After inspection and measurement, these excavations and the 
muck-ditch must filled in, with approved material obtained from 
without the base the levee, and thoroughly tamped while being 
filled, the satisfaction the engineer charge, his designated 
agent. All the foregoing work shall completed for least 300 
ft. advance the 

39. Embankment.—The embankment will started full out the 
side stakes, and carried regularly gross fill, layers not ex- 
ceeding ft. thickness, when built scrapers, and ins. when built 
wheelbarrows. wheelbarrow work, the earth will carefully 
tamped either wheeling over the embankment employing one 
rammer wheelbarrows. When the embankment has been brought 
the proper height, shall dressed, and planted with living 
tufts Bermuda grass, ins. square, and not more than ft. apart, 
well pressed into the earth and lightly covered with soil, the satis- 
faction the engineer charge, his designated agent. The con- 
tractor will cut down all trees, both great and small, distance 
100 ft. from the base the levee both 

40. Borrow Pits.—Only clean, unfrozen earth, free from all foreign 
matter, shall used constructing theembankment. will pro- 
cured the river side, unless otherwise directed writing the 
engineer charge, and from such places may condemned for the 
purpose local levee authorities. excavating and removing it, 
great care must taken injure disfigure the land little 
possible. case must obtained within ft. the base 
the levee the river side, within 100 ft. the land side, and the 
side slope the pit the embankment not steeper than 
Any encroachments upon the limits either side will 
measured the engineer charge, his designated agent, and de- 
ducted from the amount the final estimate. intervals 
may directed the engineer charge, his designated agent, 
traverses must left across the borrow-pits prevent the flow 
current along the levee. The distances between the traverses will not 
more than 500 ft. They shall least ft. wide top, with 
slopes lon Borrow-pits must not exceed ft. depth the 
side next the levee, but they may gradually deepen with slope 
when the river side, and 100 when the land side 
the levee. All existing levees, parts old levee, must left, un- 
less written permission the engineer charge given for their 
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SPIRIT LEVELING THE UNITED STATES 
GEOLOGICAL SURVEY. 


PRESENTED FEBRUARY 16TH, 1898. 


During the summers the field parties engaged the 


topographic mapping the United States Geological Survey con- 


ducted careful spirit leveling such extended scale achieve 
results which for cheapness cost and excellence quality render 
them notable. This especially because the work was prosecuted 
systematic manner under all the various topographic conditions 
found the United States. account has been kept the cost, 
rate speed and accuracy this work with such detail render 
its publication valuable engineers and surveyors everywhere. With 
this view, and hope that the details manipulation, whereby the 
results were obtained, may call for such discussion the part the 
members the Society will valuable, not only them, but 
the future level work the Geological Survey, the author has 
attempted assemble the various noteworthy facts this paper. 
The Act Congress providing for the Sundry Civil Expenses 
the Government for the fiscal year 1896-97, included among the items 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 
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appropriation for the work the United States Geological Survey 
the following new legislation: 

For topographic surveys various portions the United States 
Provided, that hereafter such surveys west the ninety- 
seventh meridian elevations above base level located each area 
under survey shall determined and marked the ground iron 
stone posts permanent bench-marks, least two such posts 
bench-marks established each township equivalent area, 
except the forest-clad and mountain areas, where least one shall 
established, and these shall placed, whenever practicable, near 
the township corners the public land surveys; and the areas east 
the ninety-fifth meridian least one such post bench-mark shall 
similarly established each area, equivalent the area town- 
ship the public land surveys.” 


The United States Geological Survey has been severely criticised 
the past for failing leave marks the ground the form 
monuments some sort, permanent marks the measures ob- 
tained the prosecution their field surveys. The above was the 
first authority given Congress for the leaving such permanent 
marks, and was gratefully accepted all connected with the admin- 
istration the Geological Survey, affording opportunity 
remedy well-known defect their work. Heretofore the work 
the topographic branch the Geological Survey has been directed 
entirely the making topographic map, and marks have been 
left show the means whereby this map has been connected, through 
the surveys, with the topography the land. Since the passage 
the above Act, permanent marks have been left with such frequency 
will not only show fully the primary instrumental control which 
the surveys have been based, but will thoroughly connect the maps 
with the territory surveyed. These marks will the greatest value 
the extension correction any the topographic surveys the 
government, any kind surveying work which may hereafter 
conducted State governments, private corporations individuals. 

was realized the beginning the framers 
the above Act that would impossible establish accurately and 
mark correctly the monuments their exact height above sea level, 
within reasonable period time. Any attempt this would 
have necessitated the prior running thousands miles precise 
levels order reach the initial points within the various areas 
under topographic survey, and this would have cost immense 
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sums and have occupied several years, during which the topographic 
surveys would have continued prosecuted without being accom- 
panied spirit levels and the establishment the bench-marks re- 
quired. The Act was therefore framed permit the accept- 
ance some point within each area under topographic survey 
central datum point for that area, and the elevation the initial 
bench-mark established there was determined nearly prac- 
ticable from existing elevations adjusted railway levels brought 
from the sea. consequence, though all the elevations connected 
with the same central datum point agree one with the other, yet they 
cannot always reduced exact mean sea level, because the dif- 
ferences between the primary elevations upon which the work 
various localities based. was anticipated that, the spirit level 
work extended the future until ultimately rests sea level, 
the elevations determined can corrected from time time 
publications, that, each central datum point reduced sea 
level, all the levels resting thereon may adjusted that 
worthy note, however, that nearly half the work the first 
two seasons, diversified though was, based prior precise levels; 
New York those the State Canals and the United States En- 
gineer Corps; some portions the South and West, those the 
United States Engineer Corps; much the central United States, 
those the United States Engineer Corps, and the Missouri 
and Mississippi River Commission Surveys; both coasts, tide 
gauges; much the South, line precise levels run 
the Geological Survey. 

study the Act Congress referred shows that the coun- 
try west the Mississippi Valley two permanent bench-marks are 
left every square miles, excepting heavy mountainous and 
wooded country, and east the Mississippi one left every 
square miles. Thus the eastern States such permanent marks 
are placed approximately linear miles apart. 

was once decided that, addition determining the eleva- 
tion these bench-marks, they should instrumentally connected 
with the horizontal measures made the course topographic sur- 
veys, but with only such accuracy would permit their being cor- 
rectly plotted the resulting maps. was also decided that the 
location and elevation these bench-marks should published 
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two ways: First, appropriate symbol, the letters and the 
elevation the nearest foot printed the published atlas sheets; 
second, lists bench-marks with full description each and its 
exact elevation above mean sea level thousandth foot, re- 
ferred the various central datum points; these published 
the annual reports the Director the United States Geological 
Survey, which the first has already been issued. These elevations 
are corrected publication from time time connections 
are made with mean sea level. 

Bench-Marks.—That these bench-marks should the most sub- 
stantial and attractive character consistent with reasonable cost was 
once appreciated, and after careful study the various forms 
used other government and city surveys, three standard styles were 


selected. First, circular bronze aluminum tablets (Fig. 1), ins. 
diameter and in. thick, appropriately lettered shown. These 
were used for the central datum points, and such places 
call for attractive mark. They are cemented into the walls pub- 
lic buildings, bridge abutments and other substantial masonry struct- 
ures, into rock, ins. long let into drill hole. The 
figures and the name shown Fig. are 


the tablet after placed position. 


The second form consists copper bolts (Fig. 2), ins. long and 
in. diameter, fastened into other masonry structures, into rock, 
driving them brass wedge placed the bottom vertical 
drill hole, that the surface the bolt horizontal and forms the 
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zero the bench-mark. The figures 246,” shown Fig. are 
stamped with separate dies after the bolt has been placed position. 
The third form, employed where masonry rock not accessible, 
consists hollow wrought-iron posts, ft. ins. length, ins. 
outer diameter, and split the bottom and expanded ins., 
prevent either the easy subsidence the post its being malici- 
ously pulled out the ground. Into the top this post riveted 
bronze tablet similar that first described, and the iron heavily 
coated with hot asphalt. These buried the earth, with only 
ft. their length projecting above the surface, and wherever possible 
flat stone placed the bottom the hole suitable foundation. 

The method marking these bench-marks was determined upon 
only after serious discussion all the political, instrumental and 


economical features bearing upon it. Thus, order that they should 
marked fulfil the apparent intent Congress and supply 
the popular demand showing the approximate elevation above sea 
level, was decided that they should not given ordinary serial 
numbers, but that the approximate elevation above mean sea level, 
the nearest foot, should stamped upon them, and that these figures 
should constitute their numbering. was soon found, however, that 
the elevation above sea level, determined for given point, might 
changed several times during season, within few seasons, 
and that this might change several feet the relative elevations 
stamped two bench-marks adjacent one another. Therefore, 
satisfy both conditions—the popular demand for sea-level heights and 
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the engineering demand for exact differences between adjacent bench- 
marks—the following method has been adopted: 

The elevation above mean sea level the nearest foot, determined 
the time running the levels, stamped upon the bench-mark, 
with, addition, abbreviation the name the central datum 
point. Thus, for elevation depending North Creek, New York, 
the mark the bolt, post tablet would be, say, C.” 
this particular datum, connection with precise levels, was found 
the next year error about ft., future bench-marks that 
neighborhood would stamped resting upon different datum, 
that Fonda, from which the check was obtained, and the next bench- 
mark that above cited might stamped ‘‘1810 en- 
gineer running between these two and finding them disagree, ac- 
cording his levels, ft., would once realize that the letters 
the name Fonda” carried some special meaning, and 
would, doubtless, write the office the Geological Survey inquire 
what was. 

Arrangement Work.—After careful study instruments and 
methods, was decided that the work should the highest attain- 
able character spirit leveling, but not such quality would 
classify precise geodesic leveling. order check and elim- 
inate the errors incidental such work, was decided that all lines 
levels run within area under topographic survey should 
arranged close back themselves circuits polygonal 
figures, these lines run single levelman and rodman, when 
the closures the various circuits would once lead the detection 
any gross errors. Where, however, central datum point was 
necessity chosen without the area under survey, was decided that 
instead closing back circuit this central datum point, the 
direct line the field topographic survey should run 
levelman and two rodmen such manner make double 
rodded line. Thus, each rodman hold separate back and fore 


turning points produce duplicate line levels separate 


turning points and bench-marks. reaching the area under topo- 
graphic survey, one rodman was dispensed with. 
order establish grade accuracy for the work, nearly 


uniform practicable, the general instructions, given Appendix 
were issued. 
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Limits Error.—The essential test the work was that limit 
error feet between duplicate determinations the elevation 
point should not exceed .05 distance miles, and that when this 
error was exceeded the level line must re-run.” will observed 
that this limit error, which really the test closure circuit, 
agreement between two lines double rodded line, com- 
paratively high one. somewhat less severe than the limit set 
the United States Coast and Geodetic Survey and some similar 
organizations for their geodesic leveling, that limit approximating 
distance miles. still less severe than the limit set 
the Missouri River Commission, which little over .02 
distance miles. nearly severe the limit set the 
United States Engineer Corps Survey the Great Lake Region, 
which was miles; yet all cases these organiza- 
tions were doing precise geodesic leveling, while this work but 
good spirit leveling kind designated the Geological Survey 
primary leveling. Moreover, known that the work these organi- 
zations has not always been within the limit accuracy set; while, 
will shown hereafter, that the Geological Survey was always kept 
well within the limits fixed and the best possible method test, 
not that duplicate rodding alone, but actual closure the 
initial point. 


Instruments.—After careful investigation the various instruments 
suitable for this work, was decided that the 20-in. engineer’s level 
made Messrs. Gurley Company Troy, Y., would fill the 
requirements, and that the New York rod made the same firm and 
furnished with plumbing levels and with specially constructed foot 
plate would the most suitable rod. believed that the results 
obtained fully justify the wisdom the selection. The only change 
made the rods from those regularly furnished was making the 
foot plate truncated pyramid, the bottom which was but in. 
width. This was order keep more free from dirt and 
necessitate its being balanced more accurately the top the steel 
turning peg and with such care would insure its being placed ex- 
actly the same point, both the turning peg and the base the 
rod, for each setting. The only change made the instrument from 
the regular form was increasing the sensitiveness the level bubble 
using bubbles graduated ten seconds arc. This requires 
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greater care the part the instrumentman leveling his instru- 
ment and for the length sight adopted gives degree accuracy 
well within the limit setting and reading target thousandths 
foot. 

Extent and Cost.—During the past two field seasons this work was 
prosecuted nearly one hundred leveling parties working sixty 
separate areas widely distributed throughout the United States. 
Table No. shows general way the localities under survey the 
season 1896, and gives other pertinent data connected therewith. 


TABLE No. 1.—Cost LEVELING PER 


Arkansas........... 179 York......... 925 105 3.66 
California.......... 338 Carolina.... 597 108 
404 5.80 |North Dakota..... 6.53 
Indian Territory...; 4174 Washington....... 186 8.44 
Maryland .......... 120 2.80 


the 597 miles run North Carolina, 457 miles were precise levels, which were 
run cost per mile. The average cost shown the table for the ordinary 
primary levels only. 

Quality and Accuracy.—In every case only experienced levelmen 
were employed. Inthe East these were chiefly men who had been 
employed the State Canals New York and the West chiefly 
old railroad civil engineers and surveyors. They were under the im- 
mediate direction the topographers the Geological Survey, 
permanent employees who are imbued with high appreciation the 
care required, and whose familiarity with the method conducting 
field parties relieved the levelmen many the petty annoyances 
connected with party management. Too much praise cannot given 
these levelmen for the care and fidelity with which they performed 
their work, evidenced the results. nearly every case they were 
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actuated spirit emulation and rivalry secure good results, 
and the least expense time and money, compared with work 
conducted other parties under similar conditions. 

will from Table No. there were run during the 
past tield season 968 linear miles, resulting the establishment 
924 permanent bench-marks and approximately 000 other bench- 
marks such points top rail stations, abutments bridges, 
corner stones buildings, nails roots trees, The average 
cost this work, including the salaries the levelmen and rodmen 
and their living expenses the field, but not the cost purchasing 
instruments and outfit, was the rate $4.75 per linear mile run. 

Table No. gives list some the circuit closures. 


Errors, AND LEVELMEN. 


State. Locality. Levelman. 
| | 
Miles. Feet. 
New York....... 0.020 Clark Brown. 
Delaware........ 112 0.284 Pettibone and Goldsborough. 
West St. Albans...... 0.058 Wood. 
South Dakota ...| Yankton........ 116 0.608 Alfred Tyler. 
Missouri......... Scto......... 60.5 0.082 Montmorency. 


The lines marked with asterisk were double rodded, and the errors given repre- 
sent the divergence between the two rods. 
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might necessarily expected, there wide divergence 
the quality these lines, though practically all are within the limits 
error established. believed that the differences quality 
may chiefly ascribed the differences men and the topography 
the country leveled, the other elements were practically the 
same every case. The effect different men the work less 
pronounced than the effect the topography. This was shown 
the fact that the poorest closure errors were invariably obtained the 
roughest mountain country, and may added that the really bad 


closure errors the BLUE MTN. LAKE SHEET NEWCOMB SHEET 


above table are nearly 
LEGEND: 


<D-GRONZE TABLET 
@ COPPER PLUG 


all found ex- 
ceedingly rough coun- 
try. 

Astudy the above 
results will convince 
any one the high 
quality this work. 
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believed that careful 
perusal these re- 
sults, coupled with 


speed, will once cast doubt upon the desirability geodesic 
levels precision, compared with spirit levels precision, the 
latter are hereafter described. further analysis the results con- 
tained the foregoing tables shows that, 1896, twenty-nine parties, 
exclusive those the Indian Territory, working many widely 
separated portions the United States, closed 111 polygonal circuits 
having average length about miles. The minimum closures 
were good represented the coefficient .02 the formula 
already given, the maximum closures were within the quantity ob- 


4 
Long Lake Newcomb 
69 MILES 
0.016 
Blue Min. Lake O/ Aiden 
48 MILES 
0039 
River 
MILES 
0.021 
e 
Baker Mills 
consideration their LAKE SHEET HIRTEENTH LAKE SHEET 


WILSON SPIRIT LEVELING. 


tained using the coefficient .05, and the mean low that 
obtained using the coefficient therefore seen that some 
this work good that obtained the highest order pre- 
cise geodesic leveling, the mean was good that attempted 
the United States Coast and Geodetic Survey, and most European 
precise leveling, and that having the maximum error was good. Dur- 
ing the second and last season primary leving, that 1897, there 
were the field thirty-six parties, exclusive those the Indian 
Territory, and the mileage run these was least one-third greater 
than that run the season 1896, above tabulated, whereas the 
closures were equally good, none exceeding the limit given the 
instructions. 

Method Observing.—A few the minor details the methods 
employed performing the spirit level work the Geological Survey 
will now described. The examples chosen have been selected 
giving fair average for cost and time running typical regions. 

The most difficult and expensive bit leveling done the prose- 
cution this work the eastern States 1896 was the upper 
Hudson the Adirondacks. 265 miles levels were run, 
permanent bench-marks and 353 temporary bench-marks were placed, 
shown the diagram sketch, Fig. The leveling was done 
Messrs. Clark Brown and Krause, levelmen. The average cost 
this work per mile run, for the season, including salaries and all 
other expenses, was $6.67, and the quality indicated the closure 
errors corresponding miles circuit shown the diagram. 

Fig. diagram sketch typical bit flat country leveling 
near Rome, Ga., one party, with McDonough levelman, 
and shows the closure errors corresponding miles circuit run. 
the prosecution this work 210 miles levels were run, per- 
manent bench-marks and 246 temporary bench-marks were placed, and 
the average cost this work, including salaries, was the rate 
$3.60 per linear mile run. 

more careful analysis the results and cost leveling the 
above two localities shows that the Adirondacks, the basis of. 
one leveling party, there were all 188 working days during which 
265 linear miles levels were run, total cost ‘This cost 
was divided nearly equally between salaries, $827, and living and 
traveling expenses, $940. Accordingly this party cost per average 


sp 


working day, $9.40; also $6.67 per linear mile levels run, and their 
speed was the rate 1.4 miles per working day. 

the comparatively level country Alabama, the total number 
working days for one party was 84, and the total expenses $757, 
which $435 was for salaries and $322 for living and traveling expenses. 
The Adirondack parties lived the country, that is, hotels and 
farmhouses, and they hired conveyances. The Alabama party lived 
camp; the camp equipment consisting one large wagon with 
tents, and cook who drove the camp wagon, which was moved about 
every third day. The average cost maintaining this party was 
per working day, and this cost was the rate $3.60 per mile run; 
the speed being 2.5 miles per day. 
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Rock Run 
behind it, balances 


mark steel turning point firmly drivenintothe ground. waves 
back and forth gently balances it, that the levelman may see 
that plumb the direction the line sight, and the latter calls 
him, not signaling with the hand, but word mouth, the exact 
figures which set the target. The rodman then takes down the 
rod, sets the target, clamps and again holds the turning point, 
when the levelmen may call him raise lower one more 
thousandths. Reclamping the target directed now levels the 
rod carefully watching the fore and back plumbing level, the level- 
man waving him level across the line sight indicated the 
vertical cross hair. The levelman, having his instrument well planted, 
and sighting first the rod and then examining the level bubble, 
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finds the target exactly set the same time that the instrument, 
shown the bubble, exactly level, calls out plumb,” which ex- 
pression some equivalent thereto instantly repeated the rod- 
man finds his rod plumb, and the target then perfectly set, 
the levelman gives the signal right not, calls again the 
rodman the amount which the target raised lowered, and 
the same operation repeated until the rod found precisely 
plumb the same instant that the instrument level and the 
horizontal cross hair bisects the clamped target. 

The rodman reads the rod and records his reading before re- 
moves his turning point, and then, extracting it, shows the rod 
the levelman they pass, the latter reading and recording the same. 
Both once compute the height instrument and compare results 
without having made any remarks one the other concerning the rod 
reading, and the results differ, stated they 
then both re-read the rod, re-compute, and the difference still 
exists, they must back the nearest turning point and re-run that 
much the line. When target setting falls above the 6.5-ft. mark, 
which point the break the jointed rod, the closure the rod 
this point must examined both make sure that per- 
fect, otherwise the joint must cleaned correction made for the 
failure the rod properly close. 

Double Target and Double Rodded occasionally becomes 
necessary the course this work toruna long single rodded line 
levels, when, special provision against errors, the following addi- 
tional precaution taken. Instead setting and reading the target 
once, set and read twice, the levelman first signaling the target 
setting down, when clamped, read and recorded the 
rodman, who then loosens the target, continues move the same 
direction which was going for say tenth foot, when 
then signalled setting the opposite direction. This gives 
double target reading each turning point, and the method mak- 
ing these tends eliminate parallax target clamping. the two 
readings differ more than two thousandths foot additional 
settings are made. the rodman and the levelman pass, the latter 
reads the target which left clamped the last setting, and the rod- 
man, though records all readings, uses his computations the 
first the pair adopted, while the levelman uses the last. The effect 
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this average the personal equation reading the target, which 
may amount one two thousandths. 

Frequently, when necessary the course such work run long 
direct lines from the chosen datum the field work, and these lines 
are not checked circuit closure, they are checked double 
rodding them, that is, using two rodmen with the one levelman, 
the result which run double duplicate line with one in- 
strument. Many such lines were run the Indian Territory, also 
line Nebraska and the line from Stockton Merced, California. 
They are included Table No. The details running this class 
work are practically the same those given for single rodded lines, 
with the exception that some the salient features introduced into 
the precise leveling hereafter described are added the practice 
this class work. Experience with such double rodded lines during 
the past two seasons indicates that, unless run precise methods, 
about good results are obtained and much less cost the 
method single rodding with two more target settings. Where 
long direct lines have run over comparatively level country 
along railways, has been found quicker and cheaper employ 
two rodmen and umbrella holder; the two rodmen not working 
for double rodded line, but alternating such manner that the level- 
man backsights foresights and then passes ahead the 
rodman going still beyond the levelman that the latter back- 
sights next time This method rotation makes the levels 
much more rapidly, while the use the umbrella warm weather, 
shading the instrument, renders possible level much more 
rapidly more than compensate for the additional cost the laborer. 

Precise Leveling.—The State North Carolina, co-operation 
with the railways that State, decided during the fall 1896 
have line precise levels run from the sea coast Morehead City 
via Asheville the Tennessee State line Paint Rock, distance 
457 miles, such manner cross every line railway the 
State, and thus reduce its elevations sea level. study the 
results obtained spirit leveling the United States Geological 
Survey induced the North Carolina officials ask that bureau 
suggest the methods and instruments employed this work 
and supervise its prosecution. This duty devolved upon the 
author, and after thorough examination and test the various 
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methods employed throughout the world levels precision, 
improved spirit level was selected, and spirit level methods adopted 
preference geodesic methods, and believed that the results 
given hereafter justify the adoption these methods. 

The reasons for selecting spirit level methods distinguished 
from geodesic methods for such work should stated. Primarily 
was known that Mr. Van Orden, assistant the United States 
Coast and Geodetic Survey, detailed precise levelman the Massa- 
chusetts Topographic Commission, ran careful double line precise 
levels from mean sea Boston the old Coast Survey 
bench-mark Greenbush, near Albany, Y., and that the agreement 
between them was quite close geodesic levels. The 
old Coast Survey elevation brought from New York 1877 was 
14.730 ft. above mean sea level, and the Massachusetts Topographic 
Commission value brought from Boston was 14.070 ft. determine 
which was correct, the Coast Survey had Mr. Van Orden run line 
geodesic levels 1895 between Albany and New York, parallelling 
their first line, which gave value 13.220 ft. for this bench-mark. 
will thus seen that Van Orden’s spirit level determination the 
bench-mark nearly mean the two geodesic determinations. 
may further stated that result the above work Professor 
Mendenhall, Superintendent the Coast Survey that time, had 
various his best levelmen run test levels permanent turning 
points about the Capitol grounds Washington, both with geodesic 
levels and with the Van Orden spirit level, and the results, far 
they have been made public, not show any appreciable advantage 
favor the geodesic levels. further consequence these 
experiments, Professor Mendenhall had the Florida lines geodesic 
levels from Fernandina Cedar Keys re-run back and forth with the 
Van Orden spirit level with apparently favor that in- 
strument. Professor Mendenhall said 1894, Mr. Van Orden’s 


precise spirit levels: That after examining with great interest the 
profile the line levels run between Boston and Albany, find the 
agreement between the two simultaneous lines remarkably close, 
giving evidence that the whole excellent piece work. have 
recently tested the instruments and methods used Mr. Van Orden, 
not believe that long line has ever before been run combining 
high degree accuracy with small cost.” 
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Mr. Van Orden, himself assistant the Coast Survey and 
accustomed geodesic leveling, wrote 1893 these precise spirit 


levels: The distinction between them and precise geodesic levels 
more the instrument and method than results, for inclined 
think, things considered, that the results have attained are 
fully the best American and German levels, and great 
saving time and labor.” 


careful consideration the theory geodesic compared with 
spirit leveling further influenced the author’s preference for the 
latter. seems that, providing the instrument well made and 
substantial, and the bubble sufficiently sensitive, precise spirit level- 
ing should more accurate than geodesic leveling, because the 
operation simpler and more direct, while its results are once 
evident and unencumbered complicated and bulky computations. 

prime requisite such precise spirit leveling that the distance 
between the rodman and the instrumentman should not greater 


than that indicated the minimum reading the rod, one-thousandth 


foot, when difference the bubble ends perceptible the 
eye. This will explained more fully further on. the other 
hand, geodesic leveling, there added the spirit-leveling feature 
the operation reading small, vertical angles few seconds, and 
computing and reducing them horizontals, for geodesic leveling 
practiced the United States Coast and Geodetic Survey, after 
getting the instrument practically level, assumed that im- 
possible watch the level bubble and see that absolutely level 
the same instant that bisection the target obtained, and therefore 
the observer, after leveling his instrument approximately, pays 
further attention the bubble while sighting. The rodman first 
signaled move the target until nearly bisected the cross-hair, 
when clamped, and thereafter the rodman devotes his attention 
wholly keeping the rod steady and plumb. Watching the level 
bubble, the levelman then brings exact center turning the mi- 
crometer screw, and notes and records the designating number 


the rod and the micrometer reading. Then, without further watching 


the bubble, exactly bisects the target with the cross-hair turn- 
ing the micrometer screw, and again records the reading the latter. 
This operation then repeated with the level and telescope reversed, 
the mean taken the four readings and the difference elevation 
between the telescope pointed the target and the instrument level, 


| 

| 

| 

i 

4 

= 

4 

4 
tat § 
> 
4 
{ 
q 
q 
q 


WILSON SPIRIT LEVELING. 


shown the micrometer readings, added subtracted from 
the rod reading. must noted, however, that important factor 
this operation the difference elevation between rod reading 
and horizon reading obtained from trigonometric computation, 
depending upon minute vertical angle and the distance the rod 
from the instrument. 

The chief argument used favor this class work the elimi- 
nation doubt whether the bubble truly level not the 
moment the pointing made; also, that quadruple check had 
upon the reading target setting. The latter argument small 
weight, spirit leveling two more settings may made each 
turning point, with the added check that the reading will made, 
not one man—the instrumentman—alone, but both instrument- 
man and rodmen. The first argument carries little weight where 
every precaution taken sure that the bubble level before the 
setting, and especially again after the target clamped. 

The primary argument against geodesic leveling, compared with 
spirit leveling, rests the fact that the former all the burden 
exact observing and recording rests the shoulders one individual, 
the levelman; whereas spirit leveling the burden these operations 
distributed, resting not only the levelman, but two others, the 
rodmen, who, they are fairly high-grade and intelligent men, consti- 
tute valuable check this stage the work. Again, instru- 
mental errors, that is, errors instrument construction, need enter 
into the spirit leveling which cannot readily eliminated adjust- 
ment, repeated rod settings and equalized sights; whereas, 
geodesic leveling every error instrument construction affects the 
work seriously, through the fact that used angle-reading 
instrument well spirit-leveling instrument, and 
must made for errors micrometer run, errors collimation, etc. 

Finally, the most potent factor, the distance between rod and level, 
importance spirit leveling, providing fore and back sights 
are approximately equal, differing from each other not more than 
ft., result easily attainable; but geodesic leveling the minutest 
error distance between the focal center the instrument and the 
face the rod becomes factor the vertical-angle computations. 

Precise Leveling geodesic leveling instruments 
used this country the only two organizations which have hereto- 
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fore done much leveling this kind are modification the Vienna 
and Stampfer level, which made and used the United States 
Coast and Geodetic Survey; and the Kern Swiss level used the 
United States Engineers the Mississippi and Missouri River Sur- 
veys. Both heavy wooden tripods, the legs which are clamped 
wing nuts the tripod heads. The Coast Survey tripod head 
wood, and the leveling screws are held down this metal 
plate, and heavy center nut under the tripod head. The Engi- 
neers’ level rests gravity, freely, slots the tripod head, 
spirit levels, and clamped the head heavy center clamping 
screw. Both instruments are leveled three instead four level- 


ing screws. The Coast Survey instruments have magnifying powers 


from 37, and the value one division the leveling 
bubble 1.5 seconds are. The telescope, like that other 
precise levels, can moved ina vertical plane, that the fina 
leveling done rotation about horizontal axis near the object 
glass, means micrometer screw, permit multiplying the 
pointings mark with view obtaining measuring range be- 
yond that the striding level. The instrument leveled long 
striding level resting collars over the Y’s which support the tele- 
scope. The Engineers’ Kern level has aperture ins, 
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ins. focal length, and magnifying powers times. The 
telescope may rotated vertical about horizontal axis, also 
near the object glass, means micrometer screw nearly under 
the eyepiece, but, used, the micrometer gradienter screw not 
employed making angular measurement, but merely leveling 
screw, that the angular element and the element distance not 
enter into the function leveling. 

leveling either these methods, instrumental constants are 
accurately determined for the values division the bubble, for 
inequality the collars, and for the angular values the wire inter- 
vals, and these constants are applied the readings adjustment 
office. 

The Geological Survey precise level made Messrs. Buff and 
Berger Boston, and differs from the above essential details. Two 


views this instrument are shown Fig. The plan this instru-. 


ment was suggested Messrs. Buff and Berger Mr. Van Orden for 
use the Massachusetts Topographic Survey, and is, general, 
follows: The tripod and head are similar those the instruments 
already described. the head the level supported freely three 
leveling screws, and clamped the tripod head stout center 
screw when not use. The telescope has aperture ins. and 
magnifying power diameters, and inverting, are the 
others. likewise rotates vertical plane means milled 
head screw nearly under the eye-piece; but this rotation about 
horizontal axis, not under the object glass, the other instru- 
ments, but placed opposite the center the instrument means 
cradle, the axes which are within fraction inch 
the line collimation, thus securing the telescope motion 
altitude free from any change the height the line collima- 
tion, must occur the other instruments. leveled long 
spirit bubble hanging from the telescope, ordinary spirit levels, 
and addition supplied the makers with auxiliary striding 
level. The bubble graduated that one division in. length 
equivalent seconds arc. The Geological Survey not use 
the striding level, nor they use the micrometer leveling screw 
such, but merely milled head screw for final leveling. 
place the chambered bubble, furnished the makers, two 
bubbles different sensitiveness are carried the field, one, which 
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division equivalent seconds are, and the 
are, and both are carried separate metal frames 
that they can changed without much delay. Some 
improvements are being made the level now under 
construction for President Mendenhall the Wor- 
cester Polytechnic Institute; these consist steel 
center pivot, hardened steel collars and agate bearings 
the Y’s. 

Precise Rods.—The Coast Survey thoroughly 
wood, and the bottom, which hemispheri- 
cal, set saucer-shaped turning points, the curva- 
ture which greater than that the rod foot. 
This rod single and non-extensible, ft. long, and 
divided into fractions meter large, easily legi- 
ble markings. short intervals its face are in- 
serted the pine wood metal plugs which are 
engraved fine lines, and these are the zero marks 
which the vernier read; being believed that these 
lines are finer than divisions can possibly made 
upon wood. The rod can read directly thou- 
sandths meter and estimation one ten- 
moved and down endless chain passing over 
pulleys either end the rod, while the rod can 
clamped means another chain which con- 
venient the hand the rodman. 

The Engineer Corps uses rod made one piece 
ft. length. has T-shaped cross-section, 
footplate and turning point similar the above. 
The rod self-reading, that is, without targets, and 
graduated centimeters. Closer records are made 
estimation the levelmen, since there are three 
horizontal cross wires the instrument, each 
which readings are made, and the mean these the 
value used. 

The rods used the Geological Survey (Fig. 
are about 10ft. length, non-extensible, T-shaped 
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cross-section, and made two pieces pine frequently bolted 
together. They were made well-seasoned paraffined pine, 
Messrs. Gurley, Troy. The bottoms are truncated 
pyramids hardened steel in. diameter the smallest lowest 
end, and these are placed the top the convex-surfaced turning 
points. difficulty experienced placing the rod exactly 
the highest part the turning point and there less liability 
error possible carelessness properly wiping both surfaces. 
The rod graduated much New York rod, feet and 
hundredths, and read target thousandths foot. The 
design was suggested Mr. Van Orden Assistant Braid the 
Coast and Geodetic Survey, and was made from their plans, which 
have been considerably modified the rods used the Geological 
Survey. 

These rods, made for the Geological Survey, are not thoroughly 
has been the practice the Coast Survey, but are 
only moderate depth, about in., being found that 
light pine wood soaked boiling paraffine until has penetrated 
this depth gives the rods the proper resistance atmospheric changes, 
rendering them especially capable resisting moisture, and yet 
does not change the texture the wood when thoroughly soaked 
with paraffine, which makes soft and cheese-like and causes easily 
dent and bend. thoroughly paraffined rod, the boils out 
the rod hot weather, making sticky, while the rod itself loses 
many the valuable properties given the wood. Shallow paraffin- 
ing retains the desirable properties possessed the wood and affords 
sufficient holding wood for the screws; enabling the rod retain 
its rigidity and rendering less easily affected changes tem- 
perature. 

The first two rods made Messrs. Gurley were sent 
the United States Coast and Geodetic Survey for testing, and Table 
No. shows the lengths the rods and fixed temperature. 
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TABLE No. 
Rop A,” TEMPERATURE 21.24° Rop TEMPERATURE 22.12° 
CENT. CENT. 
Oto 12.010 ins. Oto 1ft., 12.023 ins. 


the end the field season these rods were returned the Coast 
Survey office for more exhaustive test, which consisted determi- 
nation their lengths after being dry room for month, and 
their lengths after being exposed relative humidity 92% for 
hours. 

The results, referred 22.2° Cent., are follows: 


Inches. Inches. 
First comparison..1 ft., 108.011 ft., 108.003 


These results appear indicate slight increase the length 
rod but, the lines are not very finely marked, and the dis- 
Coast Survey testing-room that little change took place. The 
Superintendent the Coast Survey stated his letter transmittal 
that weight lent this conclusion the fact that rod showed 
change, although both rods were treated exactly alike. 

The targets the Geological Survey rods are rectangular, ins. 
high wide, with slot the center, which the vernier 
placed the New York rod. One peculiarity these targets 
that instead line which center the cross-hair, there 


white stripe, tapering narrowest near the graduation and 


widest the outside, being 0.004 ft. wide near the vernier and 0.020 
ft. wide the outer edge (Fig. 6). This stripe more easily bisected 
and more accurate setting can made than line which 
entirely superimposed and rendered invisible the cross-hair, the 
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image seen being four similar triangles, merging into nothing 
horizontal cross-hair. The metal supporting the vernier the target 
cut back for ins., and channeled the rear side 
spring. can pressed against the face the rod get 
close contact with the graduation when being read, thus eliminating 
much the parallax encountered reading the ordinary target 
New York similar rods. The target raised and lowered and 
given slow motion endless steel tape, similar measuring 
tape, which passes over pulleys each end the rod, one which 
adjustable give the proper amount tension, and this tape 
moved the hand the rodman from behind and with such fric- 
tion will permit giving the proper slow motion. There 
means clamping the target when the rod position, 
the chain the Coast Survey rod. The rod must moved 
clamped. This advantage, because insures the target being 
before replaced the turning point for the- 
final sight the levelman. 
Instead saucer-shaped turning points which grit 
apt collect, even every care taken wiping them, the 
Geological Survey uses convex-headed steel turning points 
Fie. machine dressed from 3-in. steel bars, and the top enlarged 
mushroom shape ins. diameter. The spike thoroughly 


driven into the ground firm bearing. This form turning point. 


has been found the Geological Survey more steady frozen 


and soft ground, and under similar unfavorable conditions, than 


shallow plate the Coast Survey the turtle-back the British 


Ordnance Survey. the experiments neutralize the effect 


frozen ground tripod legs and turning points, hereafter ex- 
plained, cast-iron turtle-back turning points ins. diameter, about 


ins. thick, flat the under side, and with three spikes, 


those the Ordnance Survey, were employed for short portion 
the North Carolina line, between miles 205 and 210. 
Tests Level analysis the instruments and rods 


shows that the Geological Survey employs strictly spirit leveling 


methods, the quality the resulting work differing from that obtained 


ordinary spirit leveling chiefly because the quality the instru-. 


ments, rods and turning points, the skill the levelman and rod- 


: 


men, and the methods manipulation. micrometric angle 
measured, the target set the rodman, the rod read the level- 
man and the rodman, and corrections are made for errors instru- 
ment, The objects sought are obtain the best instrument possible, 
keep perfect adjustment, and that any errors in- 
herent shall eliminated balanced the method running. 
distinguished from the Engineer Corps method leveling, the rod 
not self-reading, and while the Coast Survey method employs rod 
read target and vernier, yet the burden the reading rests the 
levelman because the addition the micrometric measurement. 
the Geological Survey method, the burden the work does not rest 
one man, the levelman, but equally divided and such manner 


get number averages the readings levelman and rod- 
men. 


Prior taking the field for the Geological Survey 1896, Mr. Hall 


ran over series permanent turning points marked the curb- 
stones unfrequented portion the city Washington. The 
total length run was 600 ft., and this distance was re-run num- 
ber times obtain checks each turning point and thus get 
estimate the quality the work. were employed 
ordinary precise leveling, and two bubbles were used, first, the 
4-second and then the 8-second bubble; the number determina- 
tions each bench-mark being six each bubble. The results 
show clearly that the work done with the 8-second bubble was more 
uniform than that with the 4-second bubble. Each starting from zero 
was run out 563 ft. and back twice, the 4-second bubble closing 
the initial turning point with errors 0.023 and 0.030 ft. for rod 
and 0.004 and ft. for rod and with varying divergences 
intermediate turning points, the mean error closure for all being 
0.023 ft. The line run with the 8-second bubble closed the initial 
turning point with errors 0.007 and 0.003 ft. for rod and 
0.006 and 0.003 ft. for rod the means all the lines giving for 
the height the initial turning point 0.00075 ft. error, while the 


divergence the two lines the intermediate turning points 


was correspondingly small and uniform. 

The cause this may partially explained follows: The 
second bubble was sensitive that, after being centered, the jar from 
distant vehicles, light air, even slight change temperature 
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the breath from the observer’s nostrils the warmth his hand 
caused the bubble move, while the rest the instrument retained 
its original position. Bringing the bubble again the would 
reality throw the whole instrument out level. The sensitiveness 
this bubble can better appreciated from the fact that division 
the micrometer leveling screw equal two divisions the 
bubble tube; and, fourth division easily distinguishable and 
amounts 0.001 ft. the rod distance 400 ft., was quite 
frequently necessary turn the micrometer screw less than 
revolution, which practice especially difficult because the 
unsteadiness the bubble. 

With the 8-second bubble. which was less sensitive jarring, much 
less manipulation was required, the bubble and telescope responding 
more uniformly one the movement the other. Hence, the result- 
ing readings agreed more closely because the telescope was more 
accurately leveled when the bubble indicated such leveling. While 
this explanation not wholly satisfactory, there were other evidences 
that the less sensitive bubble gave the better results. Moreover, the 
above even partially true, indicates that geodesic leveling, 
which the readings the micrometer screw conjunction with 
supersensitive bubble become function the result, may liable 
errors due movement the bubble not accord with those 
the instrument, and occurring between the time sighting and level- 
ing. The length time required leveling the instrument with the 
4-second bubbie wherever liable the faintest disturbance 
such that the levelman will not unlikely become nervous and 
irritated his futile efforts level it, and thus perhaps affect the 
quality the work; whereas, the 8-second bubble, being more rapidly 
manipulated, used more surely and calmly. 

All the indications the above seem the author point out 
that the more sensitive 1.5-in. and 3-in. bubbles, used other 
cise levelmen, not show the real action the instrument. 
only possible use them while not sighting through the telescope 
and while watching the bubble, and moving through very 
small angular distance, one which small scarcely per- 
ceptible the eye, but which must read micrometer screw. 
The author accordingly the opinion that the results obtained 
this method with more sensitive bubble are not likely any 
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better, good, those obtained the less sensitive bubble more 
quickly manipulated. these deductions are dependent necessarily 
the from the instrument which the rod placed, and 
that distance must such that the least movement the bubble 
which perceptible the eye shall correspond the least division 
which visible the rod. Thus for the 4-second bubble with the 
rod reading thousandths, the latter should not placed more than 
400 ft. from the instrument, and with the 8-second bubble the rod 
should not placed more than 300 ft. from the instrument order 
that the least perceptible movement the bubble shall correspond 
difference one-thousandth foot the rod. Therefore, 
both bubbles could manipulated with equal certainty and speed, 
would safe place the rod 400 ft. with the 4-second bubble 
300 ft. with the 8-second bubble. spite this difference 
distance favor the 4-second bubble, must remembered that 
most spirit leveling operations the boiling dancing the atmos- 


phere, due heat, such, and the slopes the country are such 
that distances great 300 ft. can rarely used precise leveling. 
practice, this the limit distance for the precise leveling the 
Geological Survey, for most other organizations, and this distance 
has frequently reduced 150 ft. less, very hot weather, 
moderate winds and under other unfavorable circumstances. 
Sequence Level and methods sequence 
double rodding have been employed various organizations. the 
Coast Survey the levelman backsights rodman (Fig. the 
turning point a,, and then backsights rodman the turning 
point Both and then pass him, and then foresights rod- 


points being left the ground until the turning points 
and are set. 

The Engineer Corps’ method sequence that already described 
for double rodding with ordinary spirit levels, thus: The levelman 
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backsights rodman (Fig. 9), and foresights rodman 
Then the levelman and move forward, and the former backsights 
and the party duplicate their own work re-running over the same 
line the opposite direction. 

The above and similar methods progression were, after investi- 
gation and experiment, discarded the Geological Survey because 
the result most them was leave the instrument standing too 
long between the time observing fore and back sights, also because 
the time elapsing between the observing the two lines was too great. 
notable peculiarity all precise leveling that there con- 
stant divergence between the two lines, and adequate cause for 
seems have been discovered. was believed that this diver- 
gence was, part, least, due settlement the instrument 
between the time observing the two lines, such settlement 
would cause the line last sighted constantly move away from the 
line first sighted. has generally been assumed the past that 
such settlement took place, but the instrument can rarely, ever, rise, 


though liable settle every time. order eliminate such settle- 
ment, existed, the following method observing was adopted the 
Geological Survey. its application the instrument was not moved 
disturbed, sometimes done, between the time sighting the 
first and second lines, this being merely exaggeration the actual 
movement which may take place the instrument settlement 
between such times, and the instrument was re-leveled every obser- 
vation, this re-leveling constituted itself sufficient disturbance 
the instrument cause the lines absolutely independent 
possible, barring only the personality the levelman and the inaccu- 
racies inherent the instrument. 

This method procedure was backsight rodman 
(Fig. 10), immediately reversing the instrument foresight rodman 
this method will observed that the level notes are compli- 
cated divided between the two rodmen, because one rodman acts 
backsight both rear turning points, and the other rodman fore- 


sigh 

set 
back 

ing 

this 

sigh 
oth 
wal 
rod 
the 

ley 

poi 


Papers. WILSON SPIRIT LEVELING. 


sight both fore turning points. The levelman, however, keepsa clear 
set notes both rod readings, and the rodmen exchange fore and 
backsight notes the end day’s work summation between 
bench-marks. The advantage this method the quick observing 
between fore and backsights each line, practically time elapsing 
between the making these sights other than that required revers- 
ing the instrument and watching the bubble. was believed that 
this method practically subsidence occurred between these sights, 
belief borne out the fact that the greater length time elapsing 
between the sighting the two lines resulted greater divergence 
than might even have been anticipated. The order sequence 
sighting was such practically run one line direct and the 
other the reverse opposite direction. 

The method exchanging notes required each man practically 
walk the distance leveled twice, for after rod sighted, then the 
rodman moves toward the levelman for his inspection; meantime 


bs Bb, b, 


a,4 
Fie. 10. 

the latter sights rod then the levelman moves toward 
meet him, and they exchange notes, returning point and the 
levelman going meet whose rod reads, then returning 
point Thesecond set sights having been made, the notes are 
exchanged the men pass each other, the rear rodman and levelman 
moving forward each time. 

Geological Survey Precise Level Line.—The party organization for 
precise leveling the line run the Geological Survey from More- 
head City via Asheville, C., through Knoxville, Tenn., Atlanta, 
Ga., consisted the levelman, two rodmen, one laborer who acted 
umbrellaman, and one laborer who set the turning points and acted 
The chief the party, Mr. Carvel Hall, was level- 
man throughout the progress this work, and him credit due 
for numerous suggestions shapes turning points, changes made 
the rods, and the method observing. The method progres- 
sion this work was follows: The measuring tape was No. gal- 
vanized iron wire, little smaller than telegraph wire, 600 ft. length, 
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with 10-ft. brass markers brazed for 200 ft. from either end and 
large brass marker the center. The tapeman takes this and drags 
out its full length, and the rear end reaches the fore rodman who 
has just recorded his rod settings, the latter holds his points 
while the tapeman sets the fore turning points. The leveler reads and 
records the fore rods passes, while the umbrellaman continues 
the center mark the tape. the time the instrument leveled 
and the previous sights are computed, the rear rodman passes the 
levelman who reads and records hisrods. this rodman moves 
ahead his fore turning points, sets the target the first 
backsight, motions first and finally word mouth, that the 
rodman can devote his entire attention plumbing the rod. the 
time this setting finished, the fore rodman has reached his turning 
points, and the levelman sets his first target before. Meantime the 
tapeman returns the rear turning points and removes them after the 
has set his targets and has thus determined the elevations 
the fore turning points. The tapeman then passes ahead, drawing 
the measuring wire after him, the next pair fore turning points 
before. 

The discrepancies between the two lines the various turning 
points the first 250 miles the line precise levels run through 
North Carolina, Tennessee and Georgia are shown Table No. from 
which will observed that during the first 100 miles the line was 
excellent condition, the divergence being well within the limits 
which might reasonably expected, but thereafter this divergence 
increased very rapidly. 

Efforts were made fix the cause this divergence. was be- 
lieved from careful examination the instrument, turning points, 
the course the running, that the divergence was largely in- 
creased alternate freezing and thawing the ground. The first 
100 miles were run prior January Ist, and there had been scarcely 
any frost. Between January Ist and February 18th, when the next 150 
miles were run, the divergence was marked. During this time the 
ground was frequently frozen the mornings, and the day ad- 


vanced thawed. There were numerous stretches of. sandy fills, ex- 
posed the bright sunlight, where the divergence appeared 
much less than other places where the line passed through cuts, 
and the tripod legs were driven into clayey ground where the shade 
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TABLE No. 
DIVERGENCE. DIVERGENCE. 
Partial. Total. Partial. Total. 
Miles Feet Feet. Feet. Feet. Feet. Feet. 
— .004 0.001 19.356 + .060 0.276 363.277 
+.041 0.066 0.365 359.974 
34.41.. —.015 0.051 7.888 —.015 0.350 406 .043 
35.63. +.014 0.065 15.673 .000 0.350 471 .420 
47.46... +.020 0.046 50 . 67. +.021 0.404 666 .663 
52.63.. +.039 0.085 47 .621 +.051 0.455 677.743 
59.50... —.015 0.070 63 .653 —.006 0.449 641.972 
0.116 55.231 +.014 0.584 
80.86... —.025 0.091 109 207 + 026 0.610 839.455 
+.004 0.091 110.991 040 0.652 793.246 
0.094 +.010 0.662 939.789 
+.051 0.145 151,959 + .042 0.7 | 851.752 
+.075 0.220 178.131 —,.008 0.701 665.175 
0.227 229.216 +.014 0.715 810.461 


the banks prevented rapid thawing the soil. was observed that 
the bubble was constantly moving, however well the instrument might 
planted, and was reasoned that the metal points which tipped 
the tripod legs, being firmly planted frozen ground thawed this, 
and the water which melted from the frost lubricated the bottoms 
the tripod legs and thus permitted them sink more freely into the 
softening soil. Further experiments indicated that when the instru- 
ment was firmly pressed into the ground and allowed stand for about 
three minutes could then easily pressed some greater depth, 
and, thereafter, during the freezing weather, which did not last long 
the mild climate North Carolina, the instrument was invariably 
pressed into the ground two three times before the readings the 
first line were taken, and once again before observing the second 
line. The subsidence between the fore and back sights was noticed 
materially lessened, was the divergence between the lines, 
shown the following table divergences between the direct and 
reverse lines from February 18th March 6th. Experiments were 
made the same time with the British Ordnance turning points al- 
ready described, but the use these was soonabandoned. The weak- 
est place the line, between miles 200 and 210, was the point just 
before these experiments were made. 
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TABLE No. 
DIVERGENCE. DIVERGENCE. 

Mean Mean 
Distance. elevation. Distance. elevation. 
Partial. Total. Partial. Total. 

Miles Feet. Feet. Feet. Miles. Feet. Feet. Feet. 


possible cause increase the divergence between the two 
lines was fact which was considered too great importance 
overlooked, namely, that, approximately between mile 100 and mile 
390, the relations between the rodmen and the levelman were not con- 
genial; and believed that the possible irritation both the level- 
man and rodmen due friction affected their ability perform their 
duties the most satisfactory manner. For this reason change 
rodmen was made that point, and thence the end the leveling 
for the winter across the Swannanoa Pass approaching Ashe- 
ville, C., the greatest elevation which was 530.4 ft., mile 457 
Paint Rock, C., the divergence between the two lines increased 
very little. This uniformity divergence may have been due part 
the moderate weather and the fact that there was accordingly 
frost the ground, and also the more harmonious relations exist- 
ing between the levelman and rodmen. 


TABLE No. 


DIVERGENCE. DIVERGENCE. 
Mean Mean 
Distance. elevation. Distance. elevation. 
Partial. Total. Partial. Total. 

Miles. Feet. Feet. Feet. Feet. Feet. 
811.51 —.005 0.814 0.877 829.269 
—.019 0.812 192.806 +.001 0.816 995.554 
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Prior continuing the above work the fall 1897, and the 
suggestion Mr. Hall, new form rod, which may called 
double reading double graduated precise level rod, was devised and 
made Messrs. Gurley. was still believed that too 
great time elapsed between observing the two lines, though the 
time observing had been reduced toa minimum. was also be- 
lieved that the walking backward and forward the rodmen and 
levelman exchange notes, after the sighting the first line, could 
dispensed with, that the rate progress would increased, the 
relative cost diminished, and the accuracy enhanced the diminution 
the lapse time between observing both lines. This largely ac- 
complished the use the double reading rods. 

This rod ft. long, with rectangular cross-section ins. 
ins. Itis pine, immersed paraffine, and made all respects 
similarly those already described, excepting that each the narrow 
faces the rod graduated from reverse ends, each end being pro- 


11. 


vided with peculiarly constructed steel foot plate. each face 
runs target, the two targets being differently colored and shaped, 
one black with white stripe, the other red, with white stripe, one 
oval and the other rectangular, and these were operated two endless 
tapes running over pulleys the ends the rod. The difference 
the color and shape the targets was prevent possibility error 
exposing the wrong side the rod first. These rods were not 
satisfactory had been hoped, because errors their construc- 
tion. The cross-section selected proved practice unsatisfactory, 
the rectangular shape failed give the desired rigidity, and the rods 
bent warped slightly before the close field work; moreover, they 
were thoroughly filled with paraffine instead having been but 
slightly impregnated with it, and the result was that the rods became 
sticky warm weather, making the wood soft increase the 
tendency warp sag and otherwise unfavorably affect their 
quality. further consequence was the necessity making larger 
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and more careful corrections the notes for errors graduation and 
length rods. 

The method running with this double rod was follows: Back- 
sight rodman (Fig. 11) toturning red rectangular target, 
immediately foresight rodman turning point red rectangular 
target; then without any lapse time for exchange notes, the two 
rodmen move the adjacent turning points, and the levelman fore- 
sights rodman turning point black oval target, and back- 
sights rodman black oval target. The rodmen clamp their 
targets after each setting, and the rear rodman and the move 
forward together, asthe levelman passes the rodman, able 
read and record the clamped targets, and the whole accomplished 
with such considerable reduction elapsed time between the two 
lines, since the targets have not read until all the observing 
completed, materially increase the speed, reduce the cost and 
reduce the divergence, shown the following table divergences 
between miles 457, Paint Rock, C., and 765, Atlanta, Ga. 


TABLE No. 


DIVERGENCE. DIVERGENCE. 

Distance. elevation, Distance. elevation. 
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Crossing Tennessee River.—As will observed, there was sudden 
increase divergence mile 571.93, which was caused the cross- 
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ing the Tennessee River Loudon, Tenn., where the bridge was 
such character that its piers could not used tripod and rod sup- 
ports, and single sight, nearly 800 ft. length, had taken 
make the crossing. Every precaution was taken eliminate errors 
observation, both running down the river banks and crossing 
the rip-rap the foot the bridge piers short sights, also 
series long reciprocal sights read from either bank reference 
marks, various days and various times the day. 

The method observing pursued the first day type the 
observations made this crossing other days. this work the 
4-second bubble was used and the 40-diameter magnifying power. 
Lozenge-shaped pieces paper, 0.07 ft. width, were placed the 
targets markers. The sights were ft. clear above the river sur- 
face. Two reference points (Fig. 12), and were placed the 
near bank distances and ft. respectively, backsights 


~ 


12. 
the forward crossing, these being terminal points the regular line. 
the far bank the river two other reference points were placed, 
both distance ft. beyond the instrument, but some little 
distance apart one from the other, and these became rear turning 
points the continuation the regular line. The foresights taken 
from the near bank the two lines, after backsighting the refer- 
ence points, were respectively 1785 and 790 ft. length, and the 
backsights taken from the far bank the rods the near bank, 
which were placed the reference marks turning points, were re- 
spectively 805 and 810 ft., sufficiently close the length the 
foresights practically eliminate errors due curvature. The errors 
due refraction were eliminated far possible observing 
such times the day refraction was least, namely, late the 
morning, and when the day was slightly cloudy, the atmosphere still, 
and there was perceptible the air; also observing 


f 
; 
q ¥ 
--- -FS. 6.099 1785 
= 
- > > 


WILSON SPIRIT LEVELING. [Papers. 


three different times another day under different atmospheric 
conditions. 

From the instrument position the near bank, reading was 
first made rear reference point and then ten readings were made 
fore reference point the other side the river; then read- 
ing was made reference point the second line, and ten read- 
ings were made the distant point across the river. Likewise, 
from instrument position the far bank, one reading was made 
reference point and ten the distant back turning point the 
rear bank; also one the near reference point and ten the dis- 
tant reference point the rear bank. The following are the results 
the four sets observations. 


TABLE No. 


5.301 6.076 
5.319 6.096 4.293 
5.312 6.109 4.288 
5.329 6.108 4.299 
5.324 6.094 4.307 
5.318 6.103 4.300 
5.338 6.109 4.304 
5.301 6.105 4,292 
5.317 6.091 4.282 
5.319 6.098 4.311 
Means: 5.318 6.099 


The resulting elevations the two turning points the far bank, 
obtained from the above observations, were: 

Turning point 571 from east bank, 807.211; from west 
bank, 807.203; mean, 807.207; extreme difference elevation, 0.008. 

Turning point 571 from east bank, 805.523; from west 
bank, 805.514; mean, 805.518; extreme difference elevation, 0.009. 

The divergence the lines for this day’s work was the east 
bank, 0.911 ft.; the west bank, 0.927 ft. 

Great was the care taken this work, the divergence was in- 
creased this point unsatisfactory amount, and the in- 
tention some time the near future return this point for 
further observations and also return the portion between miles 
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100 and 250, with the object checking these weakest points the 
line. 

Quality Geological Survey Precise analysis the tables 
divergence already given (Tables Nos. and 7), which com- 
parison made between the actual divergence between the two 
lines and the amount divergence allowable under the limiting 


formula .03 distance miles, given, Table No. for every 
miles line run. 


TABLE No. 


DIVERGENCE ALLOWABLE 
Distance. 
Partial. Total. Partial. Total. 
Miles. Feet. Feet. Feet 

0,449 0.300 0.600 
+ 0,253 0.702 0.300 0.671 
+ 0,083 0.785 | 0.300 0.735 
+ 0.087 0,822 | 0.300 0.793 

0.046 0.300 1,122 
0.006 0.985 1,162 


this table the distance accepted double the actual direct dis- 
tance run each the two lines; for example, the distance used 
the formula the point miles from the beginning 100 miles. 
worthy note that the divergence exceeds that permissible under 
the formula between 200 and 250 miles, and that remained excess 
that permissible from there until between 350 and 400 miles. 
again came back after the latter point and remained within the limits 
prescribed the formula until the terminus the line Atlanta was 
reached. Dividing the line, however, into sections, the accumulated 
divergence between the beginning and mile 200 was 0.449, within 
the limit 0.600. worst section, between miles 200 and 350, was 
0.373, within the limit 0.519; and the accumulated divergence be- 


tween miles 350 and 750, distance 400 miles, was 0.163, far 
within the limit 0.848. 


| 
: 
350 
| 
~ 
; 


WILSON SPIRIT LEVELING. [Papers. 


The fact still remains that the real test the quality the work 
will only come when the line closed back mean sea level, for the 
results above obtained not take into account systematic constant 
errors which the observations are liable, and this class errors can 
only checked the closing circuits lines either others 
similar quality upon mean sea level. The uniform accumulation 
errors, prominent between miles 200 and 400, not all unusual, 
having been experienced nearly all lines precise levels here- 
tofore run, some portions their lengths, and stated Chief 
Computer Schott the Coast Survey discussing the precise levels 
that organization the report for 1892: The serious part this 
behavior the fact that have assurance that the mean result 
the two measures converges diverges from the true value the 
level.” 

partial comparison the quality the work ofthe United States 
Geological Survey obtained taking random the results Coast 
Survey geodesic levels between Okalona, Miss., and Odin, the 
lines from Biloxi and Odin St. Table No. gives the dis- 
crepancy total divergence between the determination bench- 
marks each miles that line. 


TABLE No. 10. 


DIVERGENCE ALLOWABLE 
ACTUAL DIVERGENCE. UNDER 
Distance from Okalona. 


Partial. Total. Partial. Total. 

Miles. Feet. Feet. Feet. Feet. 
0.254 0.645 0.300 0.600 
— 0.387 1,082 0.300 0.671 


further indication the value such comparisons, the fol- 
lowing list the several independent and unadjusted results 
the heights St. Louis, Mo., obtained precise levels run 
various organizations. 
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or 


Biloxi New Orleans (Coast Survey), and Mississippi 
River, Vicksburg and Memphis (Engineer Corps).... 413.102 ft. 


Meridional route, Biloxi, Mobile, Corinth, Odin (Coast 


Sandy Hook, Albany (Coast Survey), Oswego, and partial 
water levels Great Lakes Chicago (Engineer Corps). 413.986 
Sandy Hook Albany (Coast Survey), and Oswego and 


Great Lakes partial water levels Duluth and St. 


412.937 

39th Parallel, Sandy Hook, Cincinnati, Odin (Coast 
St. Louis Directrix (mean values 413.413 ft. 


will observed from the above that the extreme discrepancy 
between the various results 5.679 ft., and that the greatest difference 
from the mean 2.947 ft. 

Cost and Speed.—Table No. shows the various items cost, and 
speed running precise levels, the three leading Government or- 
ganizations. The examples selected from the Engineer Corps and the 
Coast Survey were chosen random from those which were found 
available after diligent search had been made through numerous re- 
ports. Those for the Engineer Corps were rather clearly stated 
the reports assistants charge the work. The item cost for 
the Coast Survey work was obtained examination the printed re- 
ports the disbursing officer, and the best effort was made both 
the above cases state the facts nearly they could derived 


from the published reports. The column actual days field work 


based the assumption that there were twenty days available for 
field work each month, this has been the average the Geolog- 
ical Survey. 

The great reduction cost per mile and increase speed the 
precise leveling the Geological Survey for the last year are 
almost wholly accredited the use the double-faced rods. 
transportation was furnished the Geological Survey parties the 
railway company over whose lines levels were run, believed that 
this item would have added perhaps per mile the expense, and 
the items enumerated the column next the last may, therefore, 
read and $4.78 per mile, respectively. 
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TABLE No. anp GOVERNMENT PRECISE LEVELING. 


oe 
Engineer Corps...... 1882 La., 
Coast Survey........ 1895 |Richmond, Va., 
Geological 1896 |Morehead City, 
C.,to Paint Rock, 


INSTRUCTIONS FOR LEVELING. 


Primary level lines should run with one two rodmen and 
one levelman, and when necessary bubble-tender. Where such 
lines are run which will check back upon themselves 
other lines, one rodman will suffice. Where long, unchecked lines are 
run, two rodmen must employed. 

Single-Rodded Lines.—Levelman and rodman must keep separate 
notes and compute differences elevation immediately. levelman 
and rodman pass, the former must read the rod himself, record and 
compare readings, then compute the and, after computations 
are made, compare results with the rodman. comparisons should 
made until the record complete. the results differ, each 
must read the rod before comparing anything but results. 

Work primary lines should not carried during high 
winds when the air badly. During very hot weather 
effort should made get work early and remain out late, 
rather than work during midday. 

Fore and back sights should equal length, and sight 
over 300 ft. should taken excepting under unavoidable circum- 
stances, crossing rivers fords ferries crossing ravines. 
such cases extraordinary precautions must taken, repeated 
readings changed positions rod and level, etc. 

impracticable take equal fore and back sights, soon 
the steep slope passed, take enough unequal sights make each 
set balance. this case extra care must taken correct 
adjustment the level. 
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Distances along railroad can obtained counting rails; 
other times stadia pacing may used, according the quality 
the work. The distances feet both the fore and back sights 
must recorded both note-books the proper columns. 

Always level the instrument exactly before setting the target. 
After setting and before giving the signal “all right” examine the level 
bubble. found away from center, correct and reset target. 

The level must adjusted daily oftener, necessary. The 
adjustment the line collimation and the level tube especially 
important. 

Provide rodmen with conical steel pegs, ins. long, with 
round heads, used turning-points. Never take 
points rails, ties, between them. Always drive the pegs firmly 
into the ground. 

10. When the rod lengthened beyond 6.5 ft., both the rodman 
and the levelman must examine the setting the target well 
the reading the rod vernier. When the rod closed, see that the 
rod vernier indicates 6.5 ft., not depending upon the abutting end 
bring back place. Keep the lower end the rod and the top 
the turning point free from mud and dirt. 

11. Plumbing-levels must always used and kept adjustment, 
and long extensions the rod avoided. 

12. Leave temporary bench-marks frequent intervals marked 
that they can easily identified. These may solid rock 
well marked, nail driven the root tree post, any 
place where the mark will not disturbed for few weeks. One 
such bench-mark should left for every mile run, order give 
sufficient points which tie future levels. Mark large figures 
conspicuous place when possible the elevation the nearest foot. 
Make notes opposite all elevations crossings roads, railroads, 
streams, bridges, and front railway stations and public build- 
ings, and such other facts may aid the topographer his work. 

13. All permanent bench-marks must copper bolts bronze 
tablets let drill holes masonry structures solid rock, 
the iron posts adopted this Survey. The figures elevation 
must stamped well into the metal, the nearest foot only; also 
name initial letter the central datum point. 

14. complete description, accompanied large-scale sketch 
must made each bench-mark, giving its exact elevation com- 
puted from the mean the two sets notes. After bench-marks are 
stamped, both levelman and rodman must examine them, and record 
note-books the figures stamped thereon. 

15. The limit errorin feet should not exceed .05 distance miles. 

16. Use the regular Survey level-books; keep full descriptive notes 
title-page every book, giving names, dates, etc. Each man 


j 
¥ 
4 
‘ 
> 


~ 


WILSON SPIRIT LEVELING. [Papers. 


should responsible for his own note-book; and under circum- 
stances should erasures made, single pencil line being drawn 
through erroneous records. 

17. When errors are discovered the work progresses, report the 
same once the topographer charge. 

18. Keep each set notes separately and independently taken, 
paying attention whatever other notes except compare 
results. comparison errors are discovered, correct them only 
new observations computations. All notes must recorded 
directly note-book. Separate pieces paper for figuring tem- 
porary records must not, under any circumstances, used. 

19. long, single-rodded lines make two target settings each 
which recorded the rodman, then unclamping and signaling 
the opposite direction setting. the two differ more than .002 
foot, additional readings must made. The rodman should 
record all readings, using his computations only the first the 
pair adopted, and the levelman the last. 

20. Double-Rodded Lines.—In running unchecked single primary 
lines with two rodmen, they should set turning points ft. 
apart, but each equal distances for fore and back sights; other- 
wise the above instructions are followed with the following 
modifications. 

21. The tripod clamping screws should loosened when the in- 
strument set, and tightened only after the legs are firmly planted, 
and the instrument must shaded all times the bubble-tender. 

22. The laborer should place the steel turning points for foresights, 
and then return and not remove the back-sight points until the levelman 
has set targets the new fore sight, that there the ground 
all times two turning points, the elevations which are known. 

23. Bench-marks left termination work night, for rain 
other cause, should practically turning points continuous 
line. They should consist large wooden pegs driven below the 
surface the ground, with copper nail firmly embedded the top. 
One these pegs used the final turning point for each 
rodman. They areto covered with dirt otherwise hidden, their 
location being marked sketches note-books showing relation 
railroad ties, telegraph poles, etc. 

24. index book list bench-marks must kept posted 
the ink, for all classes leveling done. these, location 
sketches permanent bench-marks may made, and descriptions 
should every case refer, with distance, some village, section 
corner, other place local importance. All circuit closure errors 
should distinctly noted, with cross-reference page the con- 
necting lines. 


| 


Vol. XXIV. FEBRUARY, 1898. 


PROCEEDINGS 


THE 


AMERICAN CIVIL ENGINEERS, 


Edited the Secretary, under the direction the Committee Publication. 


CONTENTS. 


SOCIETY AFFAIRS. 


PAGE 
Report Full the Annual Meeting, January 19th and 20th, 
Minutes Meetings: 
the Board Direction, January 19th and February ist, 
Announcements: 
Hours during which the Society House will hereafter 
PAPERS. 
The Depth for Canals Large Traffic. 
Dams. 
ILLUSTRATIONS. 
Fig. Placing Needles the Louisa Dam. 
ig. Lowering Trestles eir 
Plate View Louisiana Dam from below 


The prices publications are follows: Proceedings, per annum; Transactions, $10 
perannum. Postage will added when they are sent foreign countries. 


4 
| 
q 
3 
: 
toe 


OFFICERS FOR 


President, ALPHONSE FTELEY. 


Vice-Presidents. 


Term expires January, 1899: Term expires January, 1900: 
GEORGE MENDELL, EDWARD NORTH, 
JOHN WALLACE. FREDERIC STEARNS. 


Secretary, CHARLES WARREN HUNT. 
Treasurer, JOHN THOMSON. 
Directors. 
Term expires January, Term expires January, Term expires January, 
1899: 1900: 1901: 
GEORGE JUST, JAMES OWEN, DEYO, 
WM. BARCLAY PARSONS, RUDOLPH HERING, JOHN KENNEDY, 
HORACE SEE, HENRY MORSE, HENRY MANLEY, 
JOHN FREEMAN, BENJAMIN CROSBY, CHARLES SCHNEIDER, 
DANIEL BONTECOU, HENRY HAINES, JOHN McVEAN, 
THOMAS SYMONS. LORENZO JOHNSON. GEORGE WISNER. 
Annou 
Assistant Secretary, McMINN. 
Additi 
Book 
Standing Committees. 
THE PRESIDENT THE SOCIETY ex-officio MEMBER ALL COMMITTEES. 
HORACE SEE, EDWARD NORTH, WM. BARCLAY PARSONS, 
DEYO, JOHN THOMSON, CHARLES WARREN HUNT, 
JAMES OWEN, RUDOLPH HERING, GEORGE JUST, 
JOHN FREEMAN, JOHN WALLACE, FREDERIC STEARNS, 
DANIEL BONTECOU. HENRY HAINES. JOHN KENNEDY. 
Special Committees. 
TIME :—Sandford Fleming, Charles Paine, Theodore Ely, 
IRON AND STEEL :—Sub-Committee the American Society Civil 
Engineers (of the International Committee Standards for the Analysis Iron and vote 
Steel, which Prof. Langley Chairman)—Charles Dudley, William Metcalf, that 
Thomas Rodd, Hunt. 
Charles Dudley, Alexander Humphreys. 
THE PROPER MANIPULATION TESTS CEMENT Swain, Alfred Noble, 
whe 
The House the Society open from o’clock every day, except Sundays, and 


when the hours are from o’clock. 


| | 
4 
| 


Vol. XXIV. FEBRUARY, 1898. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PROCEEDINGS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS. 


CONTENTS: 
PAGE 

Report Full the Annual Meeting, January 19th and 20th, 
Minutes Meetings: 

the Board Direction, January 19th and February Ist, 1898.................. 
Announcements: 

Hours During Which the Society House Open 


REPORT FULL THE ANNUAL MEETING, JANUARY 
19th AND 2oth, 1898. 


Wednesday, January 19th, 1898.—The meeting was called order 
10.20 o’clock, President Benjamin Morgan Harrod the chair; 
Charles Warren Hunt, Secretary. 

The this meeting called order. 
would remind the members that under Section Article VII the 

Jonstitution the polls close o’clock noon. The opportunity 
vote will extend till that time. thinkit well, order avoid delay, 
that the tellers appointed soon possible, that the counting 
may going on. Any gentleman can vote the hour 
With your permission will appoint tellers Mr. Charles 
Gay, Mr. Stern and Mr. Skinner. would suggest 
that the counting begin soon possible. Mr. Hunt will show 
where the ballots are found. Mr. Gay unable serve teller, 
and will therefore appoint Mr. Martin. 

The next order business the reading the minutes the 
meeting January 5th, 1898. 


Meeting called 
order. 


Tellers 
Appointed, 
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Minutes 
Last Meeting. 


Report the 
Board Direc- 
tion read. 


REPORT THE ANNUAL MEETING. [Society 


not usual read minutes meetings, they are printed 
Proceedings, and, there objection, the reading will dispensed 
with, and the Secretary will read the annual report the Board 
Direction for the last year, ending December and then the re- 
ports the Treasurer, Auditor and Finance Committee. 

The would like say that the ballots are the 
front room; and the tellers who have been appointed will there, 
they will have every facility for getting through with their work 
expeditiously. 

The Secretary then read the report the Board Direction.* 

The order the report the Treasurer. You 
will find the report printed inthe pamphlet you have your hands. 
The Treasurer present. 

The Treasurer then read his 

The Secretary will read the report the Auditor. 

The Secretary read his report 

Past-President make inquiry with re- 
gard statement that has just been made the report the 
Auditor? notice the side receipts during the year the sum 
$509 received from the Convention, and $835 received from the Annual 
Meeting, making total 344. that some members, per- 
haps, besides myself, may not quite understand it. would glad 
the Secretary could explain that. 

The has been the custom that subscrip- 
tions and payments for tickets used Conventions and Annual Meet- 
ings were not collected the name the Society. Checks were 
made out the order the Secretary, and was responsible for the 
whole collection, which did not appear the books the Society. 
this time all such payments are made the Society and passed 
through its books, that arrive the cost the Society its 
Convention and Annual Meeting, you will have subtract the 344 
from the item the other side for Convention and Annual 
359.55, making the cost the Society about $1000. That same 
item last year was 426.65, the receipts from sale tickets having 
been deducted from the total expenses, but not appearing our 
books such. 

costing 238, and looks that was very large disburse- 
ment for set books for this association. covers more 
items than shows there. else the furniture account swapped 
around where the books account are. 


See Proceedings, Vol. xxiv, 
See Proceedings, Vol. xxiv, 15. 
See Proceedings, Vol, xxiv, 16. 
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REPORT THE ANNUAL MEETING. 

The item Finance and Accounts contains all the 
charges for the time all the employees devoted exclusively the 
money matters. includes the salary the Treasurer and all 
amounts for services clerks charged the keeping the books. 
merely distribution the salary paid. 

The there any other information desired about this 
report the Auditor? 

Mr. would like ask there are any accounts 
that have been audited and remain unpaid any liabilities the 
Society not appearing the accounts? 

The there are. present time has 
been impossible secure settlement with the builder this house, 
and while realize that this statement not clear might 
for the reason that gives the total amount borrowed one time 
from the Mutual Life Insurance Company, and several payments which 
have been made backwards and forwards that mortgage account, 
statement full detail would too complicated. owe round 
numbers—I have not the exact figures—about $22 000, addition 
what has been already paid, and which should close the whole trans- 
action. have borrowed the present time $70000 from the 
Mutual Life Insurance Company, and with the idea that there 
will some saving certainly before have face this last claim 
the builder, that $20 000 additional loan, believed, will ample. 
cover the total cost. 

Mr. looking over the statement disbursements there 
nothing here show the amount paid out for salaries. 

The you will turn over the page, Mr. Cohen, you 
will find all detail. 


Mr. question was going put, sir, all answered 
detail there. 

Mr. Henry one other question which hardly 
touched upon this report. Some who come here but seldom 
would glad know what the house cost, what our indebtedness 
is, and what our general financial situation, taken whole. 
order, would like that information. 

The said before, the exact figures the total 
cost the house and its furnishing cannot very well given now. 
should the neighborhood $201 000 $202 000 near 
can figure it, and when completed there will mortgage about 
$90 000 the property. The old Society House and all the 
securities held the Society, amounting about $21 000, have been 
sold, and the proceeds put into the house, has also all the money 
that was subscribed directly cash. addition this—I cannot 
give the figures exactly—but somewhere between $25 000 and $30 000 
the savings from the income this Society during the past three 
years has been put into this house. 
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Mr. much the amount? 

The land cost The contract, stated 
the report the Board, amounted about $91 000—the total con- 
tract for building. This did not include the book stacks, which cost 
about 600, nor the electric book lift. did not include the vault 
privilege, which was bought from the city, any the fixtures 
furnishings, or, may say, any charges for extra interest, taxes 
legal expenses. 

Mr. there floating debt beside the liabilities 
the real estate? 

The sir. 

Mr. thousand dollars will the 
sum carried the 

The sir. That the sum that the Finance Com- 
mittee has fixed upon being the properlimit. might under that. 

Mr. hearing very distinctly, correctly under- 
stand that enjoy this house now with total debt 
substantially $90 000? 

The sir. 

The Yes, sir. 

Mr. you. 

The report the Finance Committee now 
order. 

saying that the interest the $90 000, there enough surplus 
income the Society pay the interest the $90 000 mortgage? 
After payment the current expenses there enough surplus income 
pay the interest the $90 009 mortgage? 

The can question about that. 

Mr. what attempted do, and seems 
have come out better than thought. 

The another point that might mentioned 
this connection. Last year new tax law was passed under which, 
are advised counsel, the property this Society will exempt 
from taxation, which will mean probably about 500 its pocket. 

Mr. Horace would say connection with this that the 
Finance Committee have investigated this question, and stated 
the Secretary they feel assured that the total indebtedness will not 
amount more than and there will ample income 
meet it. 

Mr. See then read the report the Finance 

The —There here report the Committee recom- 
mend the award prizes for the year ending with the month July, 
1897. 


See Proceedings, Vol. xxiv, 20. 
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Mr. may suggest—these annual reports having been 
read, will not proper move their acceptance place 
them properly upon the minutes the Society? 

The you make that motion? 

Mr. make that motion, sir. 

The motion was seconded and carried. 

The Secretary will now read the report the 
Prize Committee. 

The Secretary read the report the Committee Recommend 
the Award Prizes for the year ending with July, 1897, and the reso- 
lution the Board Direction awarding said prizes.* 

The have now had all the reports 
presented this meeting, and now the meeting ready for new 
business. 

Mr. move the acceptance the report with regard 


the award prizes, and that placed record the minutes 
the Society. 

The motion was seconded and carried. 

Mr. notice the report the New Society House, Motion 
regard publication the Secretary’s book, that edition 000 
was printed; 300 copies were bound full morocco, which 216 


have been sold $10 per copy; that the total cost has been 216.94, 

and the net profit $943.06. Now, seems me, Mr. President, that 
might make something more out this publication. under- 
stand correctly, have some copies the book printed and 
lying here idle, and trifling expense these copies could bound, 
and they could delivered members the Society reason- 
able cost. would therefore move, sir, that the Board Direction 
requested consider the propriety offering the membership 
copies the Historical Sketch the American Society Civil Engi- 
neers” plain binding reduced price, the net proceeds 
applied the building fund. 

The have heard the motion Major Knap, which 
seconded. seems very accessible source revenue. 

The motion was carried. 

The other new business there? 

Mr. President, would like offer resolu- Resolution 


tion follows: 
Resolved, That the sense this meeting that Special Com- Joints. 


mittee appointed consider the subject Rail Joints for Standard 
Steam Railroads, and report the Society certain types joint 
for discussion, and that this subject referred the Board 
Direction for its action. 


See Proceedings, Vol. xxiv, 
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The have heard Mr. Prout’s motion, which 
seconded. The Constitution course requires that referred 
the Board Direction expressed the resolution itself. there 
any discussion? 

Mr. second the motion. believe that one 
the most important functions this Society appoint just such 
committees this, made gentlemen who are willing give 
their time and trouble collect scattered facts which are buried 
where busy people cannot find them, are private hands which 
perhaps would not give them ordinary applicants, but would give 
them committee. that way such committees can bring to- 
gether most valuable amount information which single mem- 
ber could do, and thus confer great benefit upon the profession. 
Having collected these facts, they are better position present 
them, and give their views regard them, which, being laid before 
the Society, affords sure basis upon which found thorough dis- 
cussion. Therefore second the motion and hope it, well any 


similar motions for the appointment other committees similar 
value, will carried. 


The motion was carried. 

Mr. James rise point order. believe that 
the Constitution requires that such resolution has been offered 
there should members voting the affirmative, and that 
should recorded. request that the vute taken rising 
vote and counted. 

rising vote was then taken Mr. Prout’s resolution, and was 
declared adopted. 


Resolved, that Special Committee appointed under the rules 
the Society examine into the question Paints Used for Struc- 
tural Work Engineering, and report this Society for discussion. 


make the motion that that referred the Board Direction 
under the rule. 

The you have heard Mr. Owen’s motion 
referring resolution for the appointment committee paint 
the Board Direction. there any discussion 

Mr. ask whether that intended cover under-water 
well other paints. 

The matter, think, better left the 
Committee. 

Mr. this intended make the Society 
responsible for the publication all can get paints Because, 
so, think better look squarely the face before this Society 
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becomes advertising medium for every crank the subject 
paints the world. there any subject that has been harped 
upon and nonsense talked upon, the subject paints, and 
object the Society becoming medium for advertising. 

Mr. Gro. think that would proper question 
refer the Painters’ Union. 

Mr. trouble with good many us, probably not 
including Mr. Cooper, that there great dearth authentic in- 
formation the question paints. idea would that infor- 
mation which existence the subject paints could collated 
for the use engineers who are inexperienced the matter, would 
great benefit the Society and the profession. That the 
ground The subject paints and the gen- 
eral knowledge small, that not think this investigation 
will any harm. mind will great deal good. 
similar investigation was made the question cement. While 
there was advocacy any particular brand the part the com- 
mittee who reported cement, yet think will conceded that 
the investigations that Committee revolutionized the manufacture 
cement this country and put standard basis. 

Mr. Epwarp Cement Committee had the task before 
making tests the tensile strength and the crushing strength 
cement. not expert paints, but far knowledge 
goes have found impossible make such tests, and the Commit- 
tee, committee appointed, would afflicted with number 
cranks which cannot exceeded perhaps any other trade, agree 
with Mr. Cooper that would rather dangerous thing appoint 
committee for that purpose. Ido not think that with our present 
knowledge paints can make any tests that approximate accu- 
racy those that were made with cement. 

Mr. move indefinite postponement. 

lay the table, and that not debatable. 

Mr. not take vote the resolution? people 
object it, let them vote against and not shirk the question; there 
are enough members here get fair expression opinion either for 
against it. 

The meeting will pleases 
indirectly. 

Mr. sir; but the resolution has been offered, and 
ought come before the Society fairly and squarely and let the 
members vote they see fit. have heard the arguments for and 
against. Now let vote. 

The vote must Mr. Fitzgerald’s motion 
which for indefinite postponement. seconded 


vote directly 
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Mr. that, Mr. FitzGerald. 

Mr. withdraw motion. 

The you are ready, vote will taken 
Mr. Owen’s resolution. 

Mr. say one word more the merits this 
question. not imagine will the duty the Committee 
say whose paint best. That would terrible responsibility, and 
the position such committee would deplorable. suppose 
that Committee might investigate and say what material best suited 
for the protection structures, and suppose they might say what 
mode compounding and applying paints best. They might inves- 
tigate the subject scientific basis, although doubt whether this 
Society position undertake such investigations. seems 
better subject refer scientific school which has the 
means making such experiments. 

Professor did not hear the remarks the gentleman 
front asI was directly behind him. seems itis good 
thing have committee this kind appointed. not under- 
stand that such committee would recommend the adoption any 
particular kind paint. course perfectly true, Mr. Cooper 
says, there are all kinds paints brought before us, and every one 
claimed the best paint and every other one worthless; but. 
such committee that could collect information with regard 
these various paints and perhaps make valuable suggestions the 
Society. The very fact that there are many these paints recom- 
mended, and few have time look into their merits thor- 
oughly and carefully, reason why committee this kind could 
much valuable work. When the Committee makes its report, the 
Society need not accept it. seems can harm have 
committee this kind. 

Mr. one aspect this question which might 
very safely, think, brought before such committee; that is, the 
fixing tests which may applied paints, precisely the report 
the Committee Cement definite rules for testing cements were 
recommended. Now, that point the profession very weak. There 
are very few specifications for paints that are satisfactory, and very 
few engineers have appliances for carrying out investigations required 
such specifications. They scarcely know what tests paint 
not. determining whose paint best what kind paint 
best, not think this Society should undertake under 
any circumstances. committee the kind might lay 
down investigation which engineers may pursue for them- 
selves. They might establish certain rules which should apply the 
testing paints, and think that aspect the work such 
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committee might very good and value the Society and its 
members. 
general ground that committee gentlemen who are willing 
give their time can save the other members the Society im- 
mense deal time and trouble. can collect facts which 
single person can do. addition this seems they can 
one two steps farther; one the matter which the last speaker 
has pointed out, suggesting certain tests for consideration, and 
still farther pointing out the way which engineers can get the 
kind paint they pay for. The great trouble with almost all mixed 
paints that nobody knows what they are made of. know 
from the low price some them that they must mixed with 
some material which not paint—some kind clay. Now there 
are tests which can laid down and specifications which can 
made which can prevent this, and that one the points which, 
think, committee can great use the Society. any rate 


they bring the matter forward for discussion, nobody committed 
it, but light will simply thrown very vexed question. 

Mr. want make the suggestion, this Committee 
appointed, that the youngest members the Society chosen 
serve upon it. very probable that the members this Committee 
will grow gray the service before they arrive any definite result. 

Mr. Owen’s motion was then put rising vote. There were 
ayes and noes, and the motion was declared carried. 

Mr. years ago sent invitation toa friend 
attend one our receptions o’clock. replied that 
always received very warm reception from his wife when returned 
home o’clock, and did not know what would happen him 
did not get home until o’clock. That only one phase 
the social: side the question. There are other very grave disad- 
vantages, seems me, continuing this system. The Committee 
have done our full share have carried out. But has fallen flat, 

understand it. There are railroads this country, institu- 

tions this country, which have adopted the plan. Perhaps there 
one railroad Canada that has adopted it. Another thing will say 
is, that even the members this Society, who are supposed good 
mathematicians, have difficulty ascertaining, when they receive 


circular, what hour they are supposed assemble. They have 

get out pencil and paper and figure up. therefore move that 

all publications this Society the practice designating the hours 

the day from o’clock discontinued. (Seconded.) 
The Knap’s motion before the meeting for dis- 

cussion. Are you ready for vote? 
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Mr. think that such matter that ought left 
the hands the Board Direction and not disposed small 
meeting the Society. have here perhaps members, very 
small proportion the membership. The method notation from 
o’clock was adopted the Society quite unanimously, and 


has been carried under the direction the Society the Board 


Direction since that time. not think that small meeting like 
this has the authority, any rate, reverse the action the Society 
for number years, without consideration the Board Direc- 
tion. This meeting could recommend chooses, and very properly 
could recommend, express the sentiment the the mem- 
bers who are present, that their view that change should 
made; but would for the Board Direction decide, and 
meeting this Society this size could not determine the question 
for the Society. therefore hope that the resolution will not 
passed, will modified request the Board Direction 
take the matter into consideration. 

Mr. have objection that course being pursued. But 
would say that investigated the matter and tried find out 
whether the Board Direction the Society had charge this mat- 
ter, but understand that the Society had passed resolution re- 
gard this, and for that reason thought better for the Society 
resolution that the sense this meeting that done and re- 
ferring the Board Direction with power act. 

Mr. would like ask whether anyone here can 
inform whether this rule was originally adopted ballot vote 
the Society vote Annual Meeting? 

The have just asked the Secretary and tells 
can find record the origin this. 

this part the house what even distinct speaker Mr. Knap 
says. would like have that resolution read. had idea 
what related until Mr. Croes spoke. 

Mr. feel, member the Board Direction, that 
the general sentiment the Board that the resolution Mr. Knap 
should adopted. The members not have the same trouble the 
Board Direction with this notation. The mathematical calculation 
necessary order find out what the hour meeting is, very 
great. might just well carry our proceedings foreign 
tongue carry them this way, language that not used. 
not use such mathematical language our general business. 
Twenty-four o’clock unknown us; and think the resolution 
Mr. Knap should passed. There right reason having 
our books. 
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The are you ready vote? 

The question was called for several members. 

Mr. —If this project going voted on, should like 
say something first. feel, myself, very strongly opposed this 
change. did not know that was going come to-day. was 
adopted some years ago when there was considerable feeling, both 
the Society and other parts the country favor this change 
the nomenclature time. was adopted time when was 
proposed extend over the whole railroad system the country, 
and when came pretty near being extended. think, owing the 
objections two three railroads, was not adopted. was adopted 
the Canadian Pacific Railroad, which, think, still usesit. 
adopted other parts the world. There can very little doubt 
that the best system once adopted. That was the opinion 
this Society. have used myself every opportunity that could 
for good many years, and believe and like it. The simple 
mathematical calculation which spoken very easily made, and 
the longer you make it, the more you like make it. the gen- 
eral opinion the Society that this change should made, course 
the Society has the right make it, but sincerely hope that the 
Society will not vote it. feel that would entirely 
wrong take any action this subject until has been thoroughly 
debated before the Society. believe that one two things should 
done; either this motion should voted down now the matter 
should referred the next Annual Convention. must remem- 
ber that have some members the Society who are very earnest 
this matter. would mention, particularly, Mr. Fleming; and think 
that, whatever done, those who believe thoroughly the o’clock 
system ought given full opportunity heard. Some 
years ago the Society, one its Annual Meetings think, the 
instance few gentlemen, some whom took very prominent 


part such things, rescinded resolution which had passed some 


years before place all its plans metric scales, well scales 
feet and inches. have always felt that that was very great mistake. 
Everything issued this Society ought have both sets dimen- 
sions. hope the Society will not take any such quick action the 
subject this motion. 

Mr. motion does not necessarily commit the Society 
abandoning the idea this twenty-four hour business. 
favor myself and very sorry have fail. But seems 
useless continue this method announcing our meetings. 
simply matter incorporating our notices for all kinds meet- 
ings system that not use anywhere this country. 
might pass that without any trouble all, and hereafter could 
brought any time there should any reason for it. 
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reformer’s task not always happy one, and 


24-hour 
System 


the reformers who have been working behind this idea for many 


years have not had the sympathies the public. rather surprised 


that the mathematical difficulties have been enlarged upon and also 
that the practical benefit the adoption the system not more 
apparent. would call attention this—I open 
—that once voted with the other members this Society ballot 
which was the result investigation the Committee Stand- 
ard Time which had been engaged with the subject for some years and 
recommended certain things: one those things was the adoption 
what now know standard time; that the hourly divisions 
throughout the country. The other was regard 
the twenty-four hour notation. were reformers when adopted 
the standard time advance the practice the country. The 
country soon found the practical advantage the standard time sys- 
tem, and now, course, would not back the system previously 
vogue. the same way with the twenty-four hour notation, 
previous speaker has remarked, when once adopted, the practical 
benefit will recognized. Now makes very little difference whether 
the ladies and gentlemen who are invited come here the evening 
o’clock come here o’clock, 22.30 o’clock, and they prob- 
ably have their attention attracted more matter curiosity. 
Apart from that cannot see that there any practical objection one 
worthy consideration, and should favor having the 
matter stand just is. 

Mr. should like call attention statement just 
made the maker this motion that this Society the only insti- 
tution thé country that uses this nomenclature time. would 
like ask familiar with the tide tables published every year 


the Coast and Geodetic Survey which this system used? 


Mr. not aware that. referring the rail- 
roads, which Mr. Morison said awhile ago had not adopted it. 

Mr. sometimes pays reformer. other 
times doesn’t pay—for instance when people refuse reformed; 
then you ought out business reformer. went into the 
reform business about thirteen years ago this matter. was 
that time occupying the position boarder family Minne- 
sota. Incidentally was building bridge the neighborhood. 
had been admitted short time previously into the Society and was 
enthusiastic admirer the o’clock system, induced 
this family adopt it. They were the first settlers Washington 
County, Minn., and being pioneers respect the settling 
the country they thought they could settle the matter time too 
pioneers, and must say that was somewhat the nature class 
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arithmetic. They kept up, however, and must say that after 
time they got that they did not refer, the members, and might 
add the officers this Society, have done ever since, the actual 
time well the reformed time. think make joke 
among ourselves, and how can settle down with long face and 
ask other people adopt seriously not understand, and 
seems the quicker get rid the suggestions that have 
been made here, any rate something enable avoid 
the computations involved, the better. might bracket the 
o’clock system, else bracket the actual time generally 
understood. railroad time tables, lived Canada while 
and had that mathematical difficulty every time took time table 
the Canadian Pacific. not advocate putting out ex- 
istence this meeting putting out existence with- 
out letter ballot, but the quicker adopt something which 
will free from position which consider one involving ridi- 
cule, the better. You cannot mention the o’clock system without 
taking the o’clock system answer. Very few people know 
what you are talking about. People laugh it. 

Mr. want merely call attention this fact. few 
years ago, following the serious and indefatigable labors member 
the Society adopted this system, recommended and 
advocated it, and part the reform time was taken the 
country large, but the country was not prepared adopt the 
whole. The standard time has been adopted, has just been said, 
but this twenty-four hour notation has not been accepted. when 
recognized desirable thing were utterly wrong, and mem- 
bers can show that were wrong, then time take reverse 
action. But for one believe that though ahead time were 
right, and had been followed with little more energy, 
under the auspices the Society, the whole reform might have been 
accomplished. that part the difficulty this, that while 
the Society the time did interest itself and get some time-pieces 
which were set our old quarters and which just showed what 
the time was either notation, lack something the same sort 
these rooms. Perhaps that where our deficiency is. not want 
see the Society stultify itself voting down what very 
erately did years ago. 

Mr. will not detain the Society 


The Clarke, will you excuse for one second 
any gentleman wants vote has got just fifteen minutes 
in. 

Mr. only wished say this, Mr. President, have 
not yet heard certain distinction pointed out between the old 
method recording the time and this new one which now pro- 
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Discussion posed give up, and that this: The twenty-four hour system 


24-hour 
System 
(continued). 


the utmost advantage who wish make consecutive 
records anything, the case with tide tables which Mr. 
Morison has referred. may and advantage railways run- 
ning consecutive trains through day and night. But what possible 
connection has with the ordinary duties and requirements daily 
life cannot see why this Society should attempt regulate itself 
nomenclature which other people not use. Our meetings are 
just like the meetings any other body. then, should 
bound something which not really need were mak- 


ing records anything from hour hour through the day, then 
would excellent thing. 


Mr. remark has been made about stultifying the Society 


going back what has done. There doubt mind 
about there ever having been resolution passed the subject 
this Society. Have you any information that subject, Mr. Secre- 
tary? 

Mr. —That exactly what was going bring up. 
have ascertained that there vote record. There never was 
resolution passed, and not see that are stultifying ourselves 
retiring gracefully from the embarrassing position which 
find ourselves. Itseems utterly silly keep unless hope 
produce some the end which will satisfactory every- 
body, ourselves included. like, for instance, Mr. President, 
ask the gentleman who said moment ago that uses this system 
the ordinary affairs life much possible, his notes in- 
vitation are indited this way: ‘‘We invite Mr. and Mrs. and 
dinner o’clock.” Itseems that there are reforms that 
are worth standing by, but fail see that this one them. What 
the use this resolution there record any vote before 
There nothing taken back. 

The might say that the request Mr. 
have looked through the records the Society and failed find any 
resolution which made obligatory the Society use this system, 
except that-at meeting the Board Direction held February 
3d, 1886, was ordered that card calendar issued for the cur- 
rent year should have all the time announcements the o’clock 
system. would not like say that there has been such resolu- 
tion, but have carefully looked through all the records and have 
not found any. 

Professor seems that there great deal force 
the remarks Mr. Croes made the beginning this discussion 
regard the advisability this meeting taking any action that 
would bind the Society. like propose amendment 
Mr. Knap’s motion that shall read this way That the 
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sense this meeting that the use the twenty-four hour system 
the notices the Society discontinued, and that the Board Direc- 
tion requested consider this question, with power discontinue 

The Presipent.—Mr. Knap, you accept that amendment? 

General seems me, Mr. President, that this 
matter some importance and one interest every member 
this Society, and that ought not decided this room. that 
agree with number the speakers who have already given their 
views the subject, that should favor some method 
bringing the matter before every member the Society. What the 
best mode accomplishing that not know; perhaps distribu- 
tion letter ballot something that sort. could not said 
then that acted too hastily, and would suggest Mr. Knap, 
willing so, that modify his resolution that the matter 
may brought before the Society. course, can act 
choose, because have constitutional majority, but are not 
actual majority the Society any means; and this motion should 
prevail the unanimous vote those present, would some- 
thing that the majority the Society would ignorant of, and 
which they would not have the opportunity express their views. 
the next convention Detroit. 

Mr. Frank seems that under the motion made 
Professor Swain, the action that suggested General Craighill 
might had the Board Direction seemed think that necessity 
appears some whether change our system not, and the 
matter put inthe hands the Board Direction, with act, 
they can their discretion either act directly refer the matter 
the Society. seems that the proposed amendment covers the 
whole matter, that can reach reasonable result and 
entirely dignified way. reason why should not prevail, and 
hope will. 

Here little matter which very evidently orig- 
inated ago small resolution the Board Direction, 

and probably, accordance with that resolution, the Secretary 
that time adopted the general practice, although according our 
records the proper proceeding would annul that action. now 
seems fit that this meeting should refer make such request the 
Board Direction they may think advisable. would, therefore, 
second the amendment proposed Mr. Knap. 

Mr. reference our records, all know, one 
time our records were not kept such shape that they can referred 
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Discussion to. think this resolution was adopted general ballot the 
Society. think was voted the general Society. Mr. Sandford 
(continued). Fleming brought the matter and was discussed for years, 
and spread the matter before the whole Society letter ballot. 

was done the general Society, think, general ballot. 

Mr. want state, regard the records, that that 

not correct, inasmuch this school mine Minnesota was 1884. 

Mr. seems the word stultify very 

proper word use this connection. have received year after 


year reports upon the subject which have been partly adopted, and 
the Society has put its influence altogether the direction this 


~ 


81 


standard time movement. not think ought take any action 
here. 

through the operation subtracting twelve for another year order 
placate those who are wedded the system twenty-four. 

The have motion before you and amendment 
Professor Swain. The amendment that this meeting express its 
sense the matter the Board Direction requesting them act. 
Are you ready for the question? 

ing that are called upon You say that the amendment 
that the meeting simply express their sense the Board Direc- 
tion, and not understand what about. 

The the sense this meeting that the practice 
using the o’clock system discontinued the notices this 
Society, and that the Board Direction requested take action 
accordance with the views this meeting. 

Mr. appear from that what the views this 
meeting are? 

The the practice using the o’clock system 
should discontinued, 

Professor would like make one statement. Theamend- 
ment was not that the Board Direction requested take action 
accordance with the vote this meeting. The amendment was 
that the sense this meeting that the practice discontinued, 
but that the Board Direction requested consider the matter, 
with power discontinue the practice they deem best. 

Mr. perfectly willing accept that amendment. 

The the question comes Mr. Knap’s reso- 
lution amended. 

the amendment. 

(Mr. Swain’s amendment was read the stenographer. 
Mr. the vote taken, suggest that this re- 
duced writing and read. 
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The the meeting waiting for Professor Swain 
reduce his motion writing, the tellers have asked for ruling. 
They want know whether votes for three candidates District No, 
shall counted not. 

The Prestpent.—I shall rule that such bullots are invalid for the 


district. now within one two minutes 12. The ballot will 
closed one two minutes. 


Mr. would like move resolution different 
subject. 
The resolution not disposed yet. 
Major are waiting have that resolution 
written out, would like make remark reference the coming 
vote it, and that that evident that there decided opinion 
this meeting this question, and not know what 
think about the large membership the Society outside are just 
liable just decided their opinions various ways, and that 
our small body ought not take action it; that ought re- 
ferred the next meeting, where everybody can consider it. 

Mr. vote down. 

Professor would suggest that perhaps amendment 
might divided into two parts, and that the first might be—— 

Mr. something definite, for heaven’s sake. Let 
know what are going vote on, and vote once. 

The will read the resolution written: That 
the sense this meeting that the use the twenty-four hour system 
the notices the Society should discontinued, and that the 
Board Direction requested consider the matter with power 
discontinue the use the system they deem desirable. 

Are you ready for the question 

The motion was seconded. 

Mr. move strike out the last clause. 

Mr. second the motion. 

The moved and seconded that the last clause 
stricken out. The last clause reads follows: 


And that the Board Direction requested consider the 
matter, with power discontinue the use the system they deem 


All favor that motion will signify saying aye; contrary 
minds, no. The chair unable decide. All favor that will 
signify rising. 

Fifty-eight members rose. 

The opposed will rise. 

Thirty-six members rose. 

The motion carried. 
this part the resolution: 


The question now 
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the sense this meeting that the use the twenty-four 
hour system the notices the Society should discontinued.” 

All favor will say aye; contrary minds, no. The chair unable 
decide. All favor will signify rising. 

Forty-six members rose. 

The contrary minds please rise. 

Fifty-six members rose. 

The vote stands forty-six fifty-six. The reso- 
lution lost. 

Mr. wish move the adoption this resolution: 

Whereas, the members this Society believe that some classes 
structures the engineering should subordinated the architec- 
ture and others the architecture should subordinated the 
engineering; and 

Whereas, the Department Public Parks New York City re- 
cently employed firm architects hitherto unidentified with bridge 
construction prepare plans and specifications for the Lenox Avenue 
Bridge erected One Hundred and Forty-fifth Street and Lenox 
Avenue over the Harlem River; therefore 

resolved, that the American Society Civil Engineers, while 
recognizing and thoroughly appreciating the close relationship 
architecture and engineering, and deeming each absolutely essential 
the success and advancement the other, hereby records its dis- 
approbation said recent action the Department Public Parks 
and protests against the selection public officials person 
persons outside the engineering profession design and prepare 
plans for distinctly engineering work such importance and mag- 
nitude the bridge hereinbefore mentioned. 

Mr. President, there isno question but that there are plenty men 
this 

Mr. rise point order. Has the motion been 
seconded 

Mr. second the motion. 

Mr. CREHORE (continuing).—Who are thirty and more years’ 
experience, who are perfectly capable 

The one second. Let announce the 
closing the ballot. Twelve o’clock has arrived. 

Mr. think there question but that there are 
plenty members this Society who are capable designing such 
structure required the Department Public Parks that 
locality, and that they are capable doing acceptable man- 
ner, manner acceptable this community and the country 
large. think that the American Society Civil Engineers stands 
the position custodian the engineering profession itself, and 
there question but that our location here New York City 
perhaps coincident with the location the greatest structures 
modern times modern lines. think that will find, this 
allowed pass unnoticed our Society, that will establish pre- 
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cedent which will not good for the engineering profession large. 
know that will objected that perhaps are lot soreheads 
who did not get the job, which perhaps true; but the other hand, 
you will recognize the fact that the tables were turned, and the 
Department Public Parks any other public officials had selected 
for preparing the plans and specifications some large building down 
town, prominent member the engineering profession who had had 
previous experience architecture, there would great howl 
from all the architectural societies throughout the country. think 
one the younger members the Society, from whom comes with 
more grace than would from one who older and who might have 
been selected this work. not feel that any way 
candidate for the job. wish emphasize the point once more, that 
ought look this thing custodians the engineering pro- 
fession rather than individual society. are the greatest rep- 
resentative the engineering profession the country. move the 
adoption the resolution. 

Mr. move, sir, that the resolution laid 
the table. 

The motion was seconded. 

The moved that the resolution laid the 
table. That motion not debatable. All favor say aye; contrary 
minds, no. 

The motion lay the table was carried. 

The there any other new business, gentlemen? 

While are waiting for the results the vote from the tellers, 
unless there any new business, the Secretary will make such an- 
nouncements are necessary. 


The programme which has been distributed, and 


copies which can had downstairs, think gives nearly all that 


necessary for the members know this time, except that for the 
trip which has been arranged Barren Island for Friday, Mr. 
Belknap, the Committee, has arranged, there having been already 
ten members who stated they wished the trip, that special 
car will leave the corner Sands and Fulton Streets, Brooklyn, 
which the south side the Brooklyn terminal the bridge, 9.45 
o’clock the morning Friday. The party will proceed thence 
Canarsie and steamer Barren Island. Mr. Belknap will 
here this afternoon and will glad see any members who wish 


make that trip. also requested state that will 
furnished. 


for Exeur- 
sions. 


Mr. this time, the occasion this first general Resolution 
meeting the Society this elegant new building, desire offer 


the part the Society resolution thanks the Building 


Finance 
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mittee and the Finance Committee which have successfully 
carried through the work entrusted their charge. (Applause. 

The resolution was unanimously adopted. 

The President, had not quite finished. The 
three excursions which are take place this afternoon will start 
the convenience members after lunch. Mr. Reginald Pelham 
Bolton, Professor Wm. Burr and Mr. Alfred Craven will here, 
each with one the parties and the hour which each party 
will start will depend how soon get through with luncheon. 
Mr. Craven has informed that would best leave here near 
two o’clock possible order give time enough for the 
tion the Jerome Park Reservoir—14 beg pardon. 
The hour given for the starting the boat Thursday intended 
The boat will leave West Fifty-seventh Street 10.30. 
have very long programme, and not leave that hour 
doubtful could carry through. 

time will get back? 

The think about between 17.30. (Laughter.) 
stated the programme that stop would made the pier 

the foot West Eleventh Street, pier 48, North River. the advice 
Mr. Bensel, the Chief Engineer the Department Docks, the 
boat will probably not stop there let passengers off, being his 
opinion that the work can seen from the steamer quite well 
should attempt get large party off the dock which under 
construction, which would rather risky, especially expect 
have ladies with us; that parties starting the excursion should 
come either the foot West Fifty-seventh Street 10.30, the 
foot West Twenty-second Street about minutes after that, 
quarter eleven, they want join the party all. that 
will get the Navy Yard about half-past (laughter), and 
doubtless many the members will not come back New York 
the steamer. they are interested the work over there that 
they not want come back the steamer, they can get back 
other routes. The steamer will leave the Navy Yard definite 
hour which will announced board and will land New York 
the foot East Twenty-fourth Street. start 10.30 to-morrow 
the foot West Fifty-seventh Street, and will make stop West 
Twenty-second Street very soon after. 

What time will finish up? 

The should say about 16.30. 

The four. The President requests 
say that meeting the Board Direction will held this after- 
noon half-past two o’clock. (Cries Well, you did, 
Mr. President. The meeting the Board Direction will 
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14.30. will held the Secretary’s office, the right-hand side 
the entrance hall. 

Mr. have been requested ask whether ladies are ex- 
pected this excursion this afternoon? 

The not stated the programme, sir. But 
think the Committee feels that they would very welcome. 

Mr. they would obliged here 14.30 about. 

The 

Mr. may not generally understood how simple 
trip Jerome Park. simply take the elevated road, then 
take that little New York and Putnam Railroad and get off Kings 
Bridge. only about minutes from the end the elevated 
road, and altogether takes less than hour get Jerome Park 
from this house. One may return any time this afternoon, and 
think generally understood that this place accessible, and 
that the work being done there such interesting character, 
large number persons might take part the excursion. 

Mr. there any practical way seeing both Jerome 
Park and the Columbia University buildings? 

The the same afternoon, sir. 
dark here about o’clock. 

Mr. Where will the rendezvous Columbia University? 

The —In the Library Building, and know that there 
are number ladies going that excursion. They intend meet 
there about half past two—14.30. 

Mr. Columbia University the way Jerome 
Park, and anybody who goes see Columbia University and gets 
through can take the elevated road and Jerome Park. 

Mr. understood that one the great features 
the Columbia Library Building was very large globe suspended from 
the dome which the Library lighted, and understood from the 
remark the Secretary that the building was not open the evening. 

The did not mean convey that idea. thought 
you were going the other way. 

Mr. would like ask will possible, after 


have seen the Jerome Reservoir, see the interior that new 
building. 


You see 


The Burr has promised here lunch 
time, and will undoubtedly able answer those questions. 

Mr. just reminded the fact that persons may 
have misunderstood remarks—that the west side elevated 
road, not the east side elevated, that taken going 
Jerome Park. Take either the Sixth Avenue Ninth Avenue line 


Fifty-third Street Fifty-ninth Street, and right until you 
reach the end the line. 
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Letier The have received the following letter addressed 
Mr. Davis. the Secretary: 

Will you kindly have these distributed among twenty-five your 

most prominent members, out-of-town members preferred, and oblige, 

respectfully yours, 
Davis, 
Chairman the Committee 
Literature and Publication the North Side Board Trade.” 


Accompanying that letter are twenty-five these pamphlets, 
Great North Side Borough the Bronx.” The Secretary, 
not knowing how otherwise distribute them, requests that twenty- 
five the prominent members the Society, preferably from out 
town, call for them the coat room down stairs. 
Announcement have announce the death member the Society, Burr 
Kellogg Field, who was elected October Ist, 1884, and died January 
13th, 1898. 
think, Mr. President, that the tellers are very nearly finished, 
and with your permission will and see can get their report. 
Resolution Mr. year ago the Annual Meeting gave 
resolution the Secretary. think the action taken that time was 
table the resolution. would like bring the same thing again 
to-day for the Society take action. course, understand sub- 
mitting the resolution that the Society has some way taken action 
upon somewhat similar subject. But order bring the matter 
directly before will read the preamble and the resolution sub- 
mitted the last time, introducing new matter: 


consideration the fact that the engineering profession and 
the people this country have legal protection against any incom- 
petent unscrupulous person who chooses advertise sign him- 
self Civil Engineer, thereby reflecting upon and injuring the entire 


consider the wording the resolution does not propose anything 


profession; and consideration the fact that has been found ad- 
vantageous many States grant legal protection members the 
legal and medical professions; therefore 

resolved, that the American Society Civil Engineers place 
itself record favoring judicious legal restrictions against the un- 
authorized and improper use the title Civil 
was said last year some members: What your proposition 
—to make engineers Now, the members will carefully Say 

7 


the kind. simply proposes certain protection which many 
States has already been authorized. does not bind the Society like 
any way any legal action this State elsewhere. simply de- 
sires express the opinion the Society that such action desir- 
able. course, many the members have been brought very 
forcible contact with the use the words Civil Engineer persons 
who certainly had never designed the slightest structure and perhaps 
q 
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are incapable doing so. submit this resolution, hoping that 
will taken its exact wording, and not the way which was 
previously discussed. move you that the resolution adopted. 
(Seconded. 

order regard the resolution, and that that really expresses 
opinion and commits this Society opinion. recollection 
that the same question has been raised time and again this 
Society. The chair has always ruled meetings this Society that 
member and number members has right commit the 
Society opinion. would ask the chair then rule the resolu- 
tion out order expressing opinion which this meeting has 
right express. 

The will make that ruling that this meeting not 
competent put the views the Society record. 

Mr. inquire whether the Society could 
put record any way this matter. 

The ballot, sir, should think. 

Mr. would make motion that ballot cover- 
ing that motion issued for the decision the Society. 

any way such subject until know little more about how any 
such course procedure should taken. There are great many 
who have always been doubt whether right call 
ourselves Civil Engineers. have the right practice all the Courts 
the State New York. have right sign the words attorney 
never received any title Civil Engineer, any degree which any 
way could twisted into it. Would the effect this resolution 
compel take profession which have never practiced and 
abandon the one which have spent the greater part life? 
seems there are many such cases. 

move that the resolution laid the table. 
Mr. think fair call attention the fact that 
there mention the words degree diploma the resolution. 


The have heard the resolution. favor will 
Say aye; contrary minds, no. 
The motion was carried. 


Mr. there seems little hiatus here would Discussion 


like ask any experiments have been made this beautiful hall 
improve its acoustic properties. has occurred have been Auditorium, 


sitting here that possible wire screen across the clearstory might 
effect that object. desirable that some experiments 


should made they can made without much cost. Has that 
matter been considered all? 
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Discussion The subject has not been considered officially 
Acoustics Building Committee yet. There have been many suggestions 


Auditorium made. seems that filling with wire screen stringing wires 


the lower side this clearstory would make great deal better 
—make the acoustic properties this room great deal better. The 
architect, however, would, afraid, feel that would not improve 
its appearance. The opinion has been expressed very freely that 
heavy hangings the windows, portiére the door, and, possibly, 
necessary, covering for the entire floor, would improve the acoustic 
properties the room very much indeed. been some doubt 
expressed whether the clearstory responsible for all the trou- 
ble. that the Building Committee will take that soon 
possible, and probably, experiments with cheap materials, arrive 
some conclusion regard it. There doubt that not 
good should be. 

Mr. has been suggested this end the room that 
better remedy would hang the architect. (Laughter.) 

Mr. strikes that owe great deal the 
architect for the simplicity and beauty the house and the beauty 
this room. The subject one that has not been entirely 
mastered either engineers architects, and rather matter 
for experiment. Therefore hope, sir, that shall not proceed 
hang the architect. (Applause.) 

Mr. one the older engineers must say have 
had great difficulty hearing this hall. Ido not censure the archi- 
tect all. friend Knap with his melodious foghorn—I 
have been unable hear him nine-tenths the time. have been 
good bit like the old lady who was listening her pastor preaching. 
She was very deaf and somebody asked her, you enjoy this? Can 
you hear it?” She said, cannot hear word, but does mo- 
tions beautifully.” (Laughter. 

The will now have the report the tellers the 


Tellers pre- the election. 
sented. 


The Secretary read the report the 

The take pleasure declaring that Mr. 
Alphonse Fteley has been elected President this Society. (Ap- 

That Mr. North has been elected Vice-President from the 
First District. (Applause.) 

That Mr. Frederic Stearns has been elected Vice-President 
from the Third District. (Applause.) 

That Mr. John Thomson has been elected Treasurer. (Applause.) 

That Mr. Deyo has been elected Director from District 
No. 


See Proceedings, xxiv, 
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That Mr. John Kennedy has been elected Director from District 
No. 

That Mr. Henry Manley has been elected Director from District 
No. 

That Mr. Schneider has been elected Director from District 
No. 

And that Mr. and Mr. George Wisner have been 
elected Directors from District No. (Applause.) 

will now request Mr. Clarke and Mr. Morison escort your new 
President the chair. 

President Fteley was escorted platform, and, taking the 
chair, was received with great applause. 

President thank you from the bottom heart, gentle- 
men, for this kind reception, assure you that fully appreciate 
that has been conferred upon me. can only say now that 
will endeavor justify your confidence doing full duty the 
best abilities. (Applause). 

believe that motion adjourn now order. not see 
that there any business before the Society. 

move that adjourn. 

The Directors the Society here present are re- 
minded the fact that they will meet half-past two the office 
the Secretary hold the Board meeting that have attend to-day 
according the Constitution. 

Mr. Knap move vote thanks our late President, Mr. 


Harrod, for the admirable manner which has officiated during his 
term office. (Applause.) 


The motion was carried unanimously. 
Mr. thank you, gentlemen, heartily. 
The meeting then adjourned. 


EXCURSIONS AND ENTERTAINMENTS THE FORTY-FIFTH 
ANNUAL MEETING. 


Wednesday, January 1898.— After the Annual Meeting lunch 
was served 13.30 o’clock the Lounging Room, after most 
those present joined one the three excursions points interest. 
Large parties were taken the following places: Jerome Park reser- 
voir, under the guidance Alfred Craven, Am. Soc. E.; the 


Bowling Green Building, under the guidance Reginald Pelham 


Bolton, Assoc. Inst. E., and the new Columbia University 
Buildings, under the guidance Wm. Burr, Am. 


o’clock Assembly was held the New Society House 
which was largely attended. 


President 
Fteley takes 
the Chair. 


Adjournment. 
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Thursday, January the inclemency 
the weather, party about two hundred and fifty, including 
many ladies, assembled the dock, foot West Fifty-seventh Street, 
hoping take part the steamer excursion which had been planned 
for that day. After waiting for two hours became evident that, 
owing the heavy fog and rain, the steamer would not able 
start, and the entire party adjourned the Society House, where, al- 
though they were not expected, lunch was comfortably served and the 
afternoon spent most pleasantly. 

20.30 o’clock Mr. Russell Sturgis addressed the Society the 
Relations between Engineering and Architecture.” The ad- 
dress was illustrated with lantern slides. 

After the lecture there was informal smoker which was much 
enjoyed the members and visitors present. 


Friday, January 21st, 1898.—By the invitation the New York 
Sanitary Utilization Company, party abont twenty members 
visited and inspected the plant that company Barren Island. 


The names 290 members, various grades, attendance the 
Annual Meeting, excursions and Assembly, are given below. The list 
is, however, incomplete account the failure number 
bers register, and does not include any the guests the Society 
individual members. 


Allen, Frank....... Boston, Mass. Bowman, A.L....... New York City. 
New York City. Breithaupt, New York City. 
Andrews, Horace...... Albany, J......... Yonkers, 
Aycrigg, New York City. Brinckerhoff, W...New York City. 
Brown, Thos. E., New York City. 
Bacon, John W..... Danbury, Brown, Wm. York City. 
Bates, ...... New York City. Browne, James S...Providence, 
Beardsley, Pa. Andrew......New York City. 
Belzner, Theo....... New York New York City. 
Berger, Van Brunt...New York City. ....... New York City. 
Bigelow, Wm. D..... New York New York City. 
Bissell, H...... West Medford, Mass. 
Black, ..... Washington, D.C. Cartwright, Robt....Rochester, 
Blakeslee, C...... New Haven, Conn. Chase, Chas. F..... Providence, 
Boller, Alfred P...... New York New York City. 
Bond, Geo. M....... Hartford, Conn. New York City. 
Bonzano, ....... Philadelphia, Pa. Christian, 
Booth, F....Poughkeepsie, Christy, Geo. L...... New York City. 
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Clapp, Russell....New York City. 
Clark, V., Pa. 
Clarke, Thomas C....New York City. 


Coffin, Amory....... New York City. 
Cogswell, B...... Syracuse, 
Cohen, Mendes...... Baltimore, Md. 
Colby, Safford K..... New York City. 
Collingwood, F...... New York City. 


Compton, Alfred G..New York City. 
Cornell, .... New York City. 
Craighill, Wm. 

Charlestown, Va. 


Craven, Alfred.. Kings Bridge, 
Crehore, Wm. W..... New York City. 
Crosby, Horace..New Rochelle, 
Crowell, New York City. 
New York City. 
Davis, Woodbridge.New York City. 
Davis, New York City. 
Davis, Rob. B....... Brooklyn, 
Deans, Chas. H...... New York City. 
Duane, James........ New York City. 


Ellis, E....Spuyten Duyvil, 


Emery, Chas. E...... New York City. 


Evans, E.... ....New York City. 
Fanning, T....Minneapolis, Minn. 
Brooklyn, 
Fisher, Clark ........Trenton, 
FitzGerald, Desmond..Boston, Mass. 
Francis, Chas ........ Davenport, Ia. 
Freeman, John R..Providence, 
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French, H.......Brookline, Mass. 


Frick, Walter........ Carbondale, Pa. 
New York City. 


Fuertes, James H....New York City. 


Gartensteig, Chas....New York City. 
Gay, Martin......... New York City. 
Gifford, Geo. New York City. 


Gladding, Henry 

New Haven, Conn. 
Goodnough, ....Boston, Mass. 
Goodrich, Wilbur Mass. 


Graham, Chas. H..... New York City. 
Gray, Samuel M....Providence, 
Guppy, Benj. W..... Boston, Mass. 
Hankinson, W....New York City. 
New York City. 
Harrod, M...... New Orleans, La. 


Hatton, Chalkley 

Wilmington, Del. 
Haviland, York City. 
Hazen, York City. 


Hemming, D.W...... New York City. 
New York City. 
New York City. 
Hewitt, Chas. E....... Trenton, 
New York City. 
New York City. 
Hodgdon, Frank Boston, Mass. 
Hoech, Theo...... Washington, 
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Howell, Geo. W...Morristown, 


Hunt, Chas. Warren New York City. 
Hutton, Wm. New York City. 
Keith, New Haven, Conn. 
Kimball, Geo. A....... Boston, Mass. 
Knap, Edgar Day....New York City. 


Landreth, Olin H.Schenectady, 
Lentilhon, Eugene...New York City. 


Leonard, R..... Philadelphia, 
Lesley, W....... Philadelphia, Pa. 
Lewinson, M....... New York City. 
Lewis, Frederick H.Philadelphia, Pa. 
Lindenthal, ...... New York City. 
Locke, Wm. W...... Brooklyn, 
Geo. New York City. 
Macdonald, Chas..... New York City. 


Mackenzie, B.. 


Macnab, Geo. T...... New York City. 
McKay, John E...... New York City. 
McKenzie, H..... Hartford, Conn. 


McKin, Alex. York City. 


McMath, E........ St. Louis, Mo. 
J....... New York City. 
McNulty, Geo. W....New York City. 
New York City. 
Manley, Henry........ Boston, Mass. 
Marple, Wm. M........ Scranton, Pa. 
Marstrand, J......New York City. 
Martin, Wisner B....New York City. 
May, DeCourcy........ Scranton, Pa. 


.Moncton, 
Maclay,,Wm. W...Glens Falls, 


[Society 
Mayer, Joseph....... New York City. 
Metcalf, Pittsburg, Pa. 
Meyer, Henry C...... New York City. 
Miller, Hiram A....... Clinton, Mass. 
Miller, Imbrie....Bryn Mawr, Pa. 
New York City. 
Montony, New York City. 


Moore, Wm. Harley 
New Haven, Conn. 


Moulton, Mace ...Springfield, Mass. 
Myers, John H., York City. 
North, Edw. ..... New York City. 
New York City. 
New York City. 


Opdyke, B., Pa. 
O’Rourke, John F....New York City. 
Owen, James.......... Newark, 
Oxholm, Theo. 

West New Brighton, 


Paine, Geo. H....... New York City. 
Parker, McC ..... New York City. 


Parsons, Wm. Barclay.New York City. 
Penfield, G.... New Haven, Conn. 


Boston, Mass. 
Plympton, Geo. W..Brooklyn, 
New York City. 
Raymond, Wm.G....... Troy, 
Reed, York City. 
Reynders, Steelton, Pa. 
Richardson, Clinton, Mass. 
Ridgway, Robt....... New York:City. 
New York City. 
Rowland, Thos. York 
Ruttan, Winnipeg, Man. 


7h Th th Th Th 


4 
7 


| 


Affairs. 


Saunders, L...... New York City. 
Scott, Addison M..Charleston, W.Va. 


Seaman, New York City. 
See, Horace.......... New York City. 


Simpson, Geo. 


Niagara Falls. 
Skinner, Frank W....New York City. 


Smith, EugeneR........ Islip, 
Smith, Waldo...... Paterson, 
Yonkers, 
Smith, Wilson York City. 
Sooysmith, Chas......New York City. 
Stearns, P..... Mass. 
St. Louis, Mo. 
Herbert..... New York City. 
Stewart, John New York City. 
Stewart, John M..... New York City. 


Stout, Edmund Coffin 

New York City. 
Swain, Geo. ........ Boston, Mass. 


Geo. New York City. 


Taylor, Lucian A...... Boston, Mass. 


Thayer, Warren....New York City. 


Theban, J.G........ New York City. 
Thompson, New York City. 
Thomson, New York City. 


Thomson, York City. 
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Thomson, Kennard, 
New York City. 
Tillson, Geo. W..... Brooklyn, 
Tomkins, Calvin..... New York City. 
Tomlinson, F........ Chicago, 
Trautwine, John C., Jr. 
Philadelphia, Pa. 


New York City. 
Tyson, ........New York City. 
Van Horne, John G..New York City. 
Vedeler, New York City. 


Waddell, Montgomery 
New York City. 


Waite, John C.......New York City. 
Montreal, Que. 
Ward, York City. 
Watkins, W..... Kitchawan, 
Webster, Albert New York City. 
Wegmann, E........ New York City. 
Wells, Chas. E..... Northboro, Mass. 
Wells, Joseph A..... New York City. 
Whinery, S...... York City. 


Whitney, Mass. 
Wiley, ......New York City. 
Wood, Henry B.......Boston, Mass. 


York, W..........New York City. 
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MINUTES MEETINGS. 


THE SOCIETY. 


February 2d, meeting was called order 20.30 
o’clock, President Alphonse Fteley the chair; Charles Warren 
Hunt, Secretary, and present, also, members and visitors. 


The minutes the meeting January 19th, 1898, were approved 
printed Proceedings for January, 1898. 


paper St. Coppée, Am. Soc. E., entitled Stand- 
ard Levee Sections,” was presented the Secretary, and was dis- 
cussed Messrs. Fteley, Waite and Sherrerd. 

Ballots were canvassed, and the following candidates declared 
elected: 


KENNETH Smoot, Galveston, Tex. 


MEMBERS. 


Fox, Bengal, India. 

New York City. 

LAWRENCE Cambridge, Mass. 


The Secretary announced the election the Board Direction 
February 1898, the following candidates: 


JUNIORS. 


Epwarp Carney, New York City. 
Jr., New York City. 
Irvine, New York City. 
Leon Lion, New Orleans, La. 


The Secretary announced the death elected 
Member October 5th, 1892; died January 17th, 1898. 


Adjourned. 


February 16th, 1898.—The meeting was called order 20.30 
o’clock, Vice-President Edward North the chair; Charles Warren 
Hunt, Secretary, and present, also, members and visitors. 

paper Herbert Wilson, Am. E., entitled Spirit 
Leveling the United States Geological Survey,” was presented 
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the Secretary, together with correspondence the subject from 
Messrs. Johnson, Horace Andrews, Carvel Hall, Isaac Win- 
ston, Ferguson and Douglas. The paper was discussed 
orally Messrs. John Wait and Rudolph Hering. 

Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 
January 19th, 1898.—Nineteen members present. 
The following standing committees were appointed: 


Committee Finance.—Horace See, Deyo, James Owen, 
John Freeman, Daniel Bontecou. 


Committee North, John Thomson, Ru- 
dolph Hering, John Wallace, Haines. 


Committee Barclay Parsons, Charles Warren 
Hunt, George Just, Frederic Stearns, John Kennedy. 


The Committee New Society House, which has served continu- 
ously since January, 1896, was reappointed: George Just, Charles 
Sooysmith, Bernard Green, George Browne, William Hutton, 
Joseph Knap, Charles Warren Hunt and Thomas Clarke. 

The Secretary then retired. 

Charles Warren Hunt was elected Secretary for the ensuing year. 

Thomas McMinn was appointed Assistant Secretary. 

Mr. Hunt, having been advised his election, returned and pre- 
sented the report the Committee appointed report the Board 
the advisability taking steps move the Government the 
United States accept the Sixth Resolution the Washington Prime 
Meridian Conference 1884. 


Adjourned. 


February 1898.—Nine members present. 


the recommendation the Finance Committee, Charles War- 
ren Hunt was appointed Auditor for the ensuing year. 

The matter the appointment Special Committees report 
the Society Rail Joints and Paints used for Structural Work, 
was considered. 

letter was presented from Mrs. Minna Craven Kay, offering 
loan the Society oil portrait her father, the late Alfred Craven, 
Past-President Am. Soc. The offer was accepted. 

Applications were considered and other routine business transacted. 


Adjourned. 
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[Society 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society will open every day hereafter from 
except Sundays, when the hours will from 


MEETINGS. 


Wednesday, March 2d, 1898, o’clock, regular meeting will 
held, which paper Joseph Mayer, Am. Soc. E., en- 
titled Economic Depth for Canals Large will 


presented. 


printed this number Proceedings. 


Wednesday, March 16th, 1898, o’clock, regular meeting 
will held, which paper Thomas, Am. Soe. E., 


entitled Movable Dams,” will presented. 


number Proceedings. 


DISCUSSIONS. 


Discussion the paper St. Coppée, Am. Soc. E., 
entitled Standard Levee which was presented the meet- 
ing February 2d, 1898, will closed March 15th, 1898. 

Discussion the paper Herbert Wilson, Am. Soc. E., 
entitled Leveling the United States Geological Survey,” 
which was presented the meeting February 16th, 1898, will 


closed April Ist, 1898. 


ADDITIONS 
LIBRARY AND MUSEUM. 


Academy Science St. Louis, 


Transactions, Vol. No. 


From Alex. Adams, Sydney, N.S. W.: 
Mechanical Flight. 


From American Institute Architects: 
Proceedings the Thirty-first Annual 
Convention, 1897. 


From American Society Mechanical 
Engineers, New York: 

Test Centrifugal and Calibra- 
tion Weir the Bri 
Carpenter. 

From Bissell, Boston, Mass.: 

Report the Committee Appointed 

the Board Directors the New 

ork Central Railroad Company, 
Examine the Accounts the Treas- 
urer. 

Cheap Transportation: Address De- 
livered before the American Chea 
Transportation Association, Dec. 2d, 
1874, James Southwell. 


American Mountain Railroad, Jo- 
seph Fontaine. 

the Survey the Route 
the Hudson Delaware Railroad, 
James Sargent. 

Third Annual Report the Directors 
the Utica and Schenectady Rail- 
road Company. 

Act Provide for the Construction 
Railroad from Oswego Utica, 
passed May 13th, 1836. 

Sixty-fourth Annual Report the 
Boston and Maine Railroad for the 
year ending June 30th, 1897. 


From Boston Transit Commission, Boston, 
Mass.: 
Third Annual Report for the year end- 
ing August 15th, 1897. 


From Henry Budd, Trenton, 
Fourth Annual Report the Commis- 
sioner Public Roads for the year 
ending October 1897. 


From Howard Carson, Boston, Mass.: 
Third Annual Report the Boston 
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Affairs. 


Transit Commission for the year end- 
ing August 15th, 1897. 
From Foster Crowell, New York: 

Reports Chief Department, Hugh 
Bonner and Consulting Engineer 
Foster Crowell, the Board Fire 
Commissioners, New York, 1897. 


From Ignacio Varona, Brooklyn, 


History and Description the Water 
Supply the City Brooklyn. 


From Polytechnique Delft: 
Annales, Vol. 1897. 


From Engineers’ Club Philadelphia: 
Annual Report the Board Direct- 
ors for the year 1897. 


From Government India, Public Works 
Department, Calcutta, India: 

Administration Report the Railways 
India for 1896-97, Ander- 
son, Part IT. 

From Harbor and Land Commissioners, 
Boston, Mass.: 
Annual Report for the year 1897. 
From Hawley, Atlantic City, New 
Jersey: 

Second Annual Report the Board 
Water Commissioners the City 
Council Atlantic City, for 
the year ending August Ist, 1897. 

From Hazleton Boiler Co., New York: 

Trade Catalogue for the year 1897. 


From Clemens Herschel, New York: 

Message and Documents, War Depart- 
ment, Vol. 1882-°83, Vol. 
Parts 1-3; 
Progress Report the Mississippi 
River Commission for the years 1881 
and 1882; Annual Reports the 
Mississippi River Commission for the 
years 1883 and 1884; Report the 
nternal Commerce the United 
States, 1881; Report the United 
States Board Appointed Test 
Steel and Other Metals, Vol. 1881; 
Report the Transportation Route 
along the Wisconsin and Fox Rivers. 

Gouverneur Warren, 1876. 


From How, New York: 
Transactions the Engineering So- 
ciety Columbia University, 1896- 


Institution Civil Engineers, Lon- 
on: 

Two copies the List Members. 

From Meyer-van Loo, Ghent, Belgium: 

des Travaux Techniques des 

Officers Génie Armée Belge. 
From McMinn, New York: 

Fourth Annual Report the Agricul- 
tural Experiment Station, Fort 
Collins, for 1891. 

Solution the Ordnance Problem, 
Norman Wiard. 

Home Morton, Glasgow, Scot- 
and: 

Glasgow District Subway: 
struction, Plant, and 
And. Home Morton. 

From Mosman, Washington, C.: 

Photographic Views Showing Monu- 
ments Marking the Boundary Be- 
tween the United States and Mexico 


its Con- 
orking, 
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from the Rio Grande the Pacific 
Ocean. 1892-94, Vol. 

Photographic Views Old Monu- 
ments and Characteristic Scenes 
Along the Boundary Line the 
United States and Mexico, West 
the Rio Grande, 1892-94. 


From Myers, Brooklyn: 
Laws passed the Board Alder- 
men the City New York during 
the years 1834-35. 


From New England Roadmasters’ Asso- 
ciation: 
Proceedings the Fifteenth Annual 
Convention held the Revere House, 
Mass., August 18th and 19th, 


From Paris—Direction administrative 

Voie Publique, des Eaux des Egouts: 

Notes Appui Compte des 
Dépenses Exercice 1896. 


From Joseph Pope, Ottawa, Canada: 
Deeper Waterways from the Great 
Lakes the Atlantic: Reports of: 
the Canadian Members the Inter- 
national Commission. 


From Provisional Committee the Cham- 
ber Commerce, Pittsburg, Pa.: 
Lake Erie and Ohio River Ship Canal, 
two copies. 


From George Rafter, Rochester, 
Genesee River Storage Surveys; 
Upper Hudson Storage Surveys; 
Report the Water Supply the 

Western Division the Erie Canal. 


From Railroad Commissioners Con- 
necticut: 


Report for the year 1897. 


From Railroad Commissioners Maine; 
Annual Report for the year 1897. 


From Royal United Service Institution: 

Supplement Journal. 

From Société Belge des Ingénieurs des 
Industriels: 

Rapport Annuel, 1896-1897. 

From Superintendent the Congressional 
Library Building: 

Report Operations and Proceedings 
connection with the New Building 
for the Library Congress. 

From Coast and Geodetic Survey; 

Report the Superintendent, show- 
ing the Progress the Work during 
the fiscal year ending with June, 
1896. 

From Naval Observatory: 

Reports the Superintendent for the 

ending June 30th, 1894, and 
une 30th, 1897. 
From Patent Office: 

Annual Report the Commissioner 

Patents for the year 1896. 


From Treasury Department: 
Annual Report the Light-house 
Board the Secretary the Trea- 


sury for the fiscal year ended June 
1897. 


From War Department, Chief 
Engineers: 
ourteen Specifications for the Im- 
rovement Certain Rivers and 
arbors. 
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BOOK NOTICES. 


From War Department, Chief En- 
gineers: 


From John Casson Wait and John Wiley 
Sons: 


Twenty-five Reports the Survey Engineering and Architectural Juris- 

Certain Rivers and Harbors. prudence: Presentation the Law 

is.: 


Comparative Test Steam Injectors; Officers and Attorneys Law. 
George Henry Trautmann, From Ziffer, Vienna: 
Two copies Union Internationale 


From University the State New Permanente Tramways-Excursion 
York: Bruxelles, Ostende Blanken- 
Road Materials and Road Building berghe, 16th, 17th and 18th Septem- 
New York, Frederick Mer- bre, 1897: Communication 


rill. Ziffer. 


BOOK NOTICES. 


ENGINEERING AND ARCHITECTURAL JURISPRUDENCE, 


Presentation the Law Construction for Engineers, Archi- 
tects, Contractors, Builders, Public Officers and Attorneys Law. 

John Cassan Wait, E., LL. Sheep, in., 905 
John Wiley Sons, 1898. 


This book the outgrowth .of brief course lectures delivered the author 
upon the subject Engineering Law. The work was written primarily assist 
avoid trouble and litigation, and aid them protecting their employers’ 
and their own rights when they are assailed. The law contracts fully presented. 

The contents are follows: 


Part Law Contracts General. 

Part Bids and Bidders. 

Part Construction Contract. Its Phraseology, Terms, Conditions, Stipu- 
lations, Provisions and Requirements, and their Interpretation, Construc- 
tion and Force. 

Part IV. Engineer’s and Architect’s Employment. 

The book contains more than five thousand citations cases, arranged alphabeti- 
eal order. The indexing very complete, the foot-notes are copious and the typog- 
raphy unusually good. 


PAVING BRICK TESTS. 


Report the Commission the National Brick Manufacturers’ 
Association, appointed investigate the subject Paving Brick 
Tests and recommend standard methods for their conduct. Paper, 


The work investigation was carried out the members the Commission 
ollows: 
The Investigation the Rattler Test Professor Edward Orton; 
The Absorption Test Professor Orton, Professor Wheeler and Mr. 
Harrington: 
The Crushing and Cross Breaking Tests Mr. Harrington and Mr. 
Holman. 


Other subjects were assigned but not reported on. Professor Orton’s paper the 
the Rattler was supplemented that Mr. Harrington the 
same subject. 

The Commission agreed that great deal scientific experimental work would have 
done before any progress toward the rational selection use paving materials 
could made, and the first step toward this end would the adoption the clay- 
working public official and standard way conducting tests, which the re- 
sults different investigators could compared common basis. the end 
each paper given proposed specification for conducting the test treated of. 

Copies this report may had addressing the Secretary, Randall, Indian- 
apolis, Ind. The price the book $1, post free. 
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THE ECONOMIC DEPTH FOR CANALS LARGE 


PRESENTED 2p, 1898. 


There strong desire some the large cities along the Great 
Lakes become seaports, and widespread belief the possibility 
its accomplishment. The survey ship-canal ft. deep from the 
lakes the ocean, present under way, proof that this desire has. 
had sufficient force induce favorable action Congress. 

The Northwestern States are vitally interested reducing freight 
rates Europe, even more than reducing rates home markets, 
since the home price produce which exported considerable 
quantities equal the price the principal foreign markets, less 
the cost reaching them. view the fact that Montreal will 
soon have canal ft. deep, with locks ft. wide and 270 ft. long, 


with the West, New York has made effort improve 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. The papers with discussion full will the 
volumes Transactions. 
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its canals beginning the work deepening them ft. The 
unexpected cost this work will least cause delay, and has again 
brought the question: What should done 

The most valuable information helping answer this question 
contained report Major Symons, Am. E., the 
Chief Engineers, A., canal between the Great Lakes and 
New York, capable accommodating the tonnage the lakes. 
Major Symons favor barge canal about ft. depth 
believes that ship-canal ft. depth more would not cause 
sufficient saving cost transportation over barge canal ft. 
depth pay reasonable return the additional expense, even with 
estimated tonnage 000 000 year passing through it. 

The present cost transportation water for bushel wheat 
from Chicago Liverpool is, according Major Symons: 


Chicago 1.37 cents. 
Transfer charge, New 1.50 


the rate cents from New York Liverpool, the vessel 
owner pays for trimming 0.2 cent bushel, which leaves him 5.23 
cents bushel. The items given transfer charges Buffalo and 
New York are only part the cost caused these transfers. 
ship loading Chicago and unloading Liverpool would, com- 
parison with the present ship between Chicago and Buffalo, the canal 
boats between Buffalo and New York, and the ship between New York 
and Liverpool, save the time spent for transfers Buffalo and New 
York. would therefore save half the time spent port the lake 
ship and ocean vessel and the whole time spent port the canal boat. 

The canal boat spends twelve days out thirty the active season 
port, and about one-third its expenses ‘are incurred during this 
time. The ocean vessel and lake vessel spend, respectively, say, 0.3 
and 0.4 their time port, and about one-quarter and one-third 
their expenses are incurred while there. Therefore, one-sixth the 
cost from Chicago Buffalo, one-third the cost from Buffalo 
New York, and one-eighth the cost from New York Liverpool, are 
chargeable costs transfer Buffalo and New York. 
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The present costs due transfers Buffalo and New York are 
therefore cents per bushel wheat: 


Transfer cost, New 2.65) 1.70 5.23) 2.79 


Total costs transfer, Buffalo and New York .......... 4.62 


The revised estimate, detail, present costs Chicago Liver- 
pool, cents per bushel wheat, therefore follows: 


Total, Chicago Liverpool,............. 


The cost transfers, 4.62 cents per bushel, $1.54 per ton, 
equal 38% the total cost, would saved ship-canal allow- 
ing ocean steamers pass the lakes, unless should prove 
more expensive transport freight from Chicago New York 
ocean steamers than the present cost transport from Chicago 
Buffalo and Buffalo New York, which 1.77 2.91 cents 
per bushel. 

Major Symons gives estimate the cost transport from 
Chicago New York lake steamer 16-ft. draft, through 24- 
ft. canal, from Buffalo New York, and from this can obtained 
idea the cost ocean steamer from Chicago New York. 
lake steamer better adapted transport the lakes than ocean 
steamer. The fact that freight rates per ton-mile are about the same 
the lakes and the ocean, however, shows that the advantage which 
ocean steamer has running throughout the whole year nearly 
balances the disadvantages arising from its design, and the cost from 
Chicago Buffalo ocean steamer running 28-ft. channels 
would about the same the cost the present lake steamers. 

canal ft. deep, from Buffalo New York, ocean 
steamer could business about cheaply lake steamer 16-ft. 
draft, because here, also, their advantages and disadvantages would 
about balance one another. The cost transport from Chicago 
New York ocean steamer would therefore the same 
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lake steamer. The table page 70, which obtained, corrections 
presently explained, from Major Symons’ Table No. 32, gives 
this cost transport from Chicago to. New York lake vessel 
16-ft. draft 2.92 cents per bushel. This 0.01 cent more than the 
present cost lake and canal. The total saving the cost trans- 
portation bushel wheat from Chicago Liverpool attainable 
providing 28-ft. channel therefore 4.62 0.01 4.61 cents per 
bushel $1.54 per ton. 

There very serious error Major Symons’ estimate the cost 
transportation wheat from Chicago New York steamer 
either 20-ft. draft, through canal ft. deep between Buffalo 
and New York. obtains the cost adding the present freight- 
rates the lakes from Chicago Buffalo his calculated cost from 
Buffalo New York. must remembered that the freight-rate 
from Chicago Buffalo allows for the loss time caused loading 
and unloading Buffalo. the steamer went through Buffalo both 
ways without loading and unloading, this time would saved. 
reasonable assume, that ship-canal existed, facilities for 
loading and unloading would provided New York least 
good those existing Buffalo. The only additional time required 
for the round trip from Chicago New York and back, instead 
Buffalo and back, would the time required for going and coming 
from Buffalo New York. 

This time with average speed canal and canalized river 
miles, and speed miles lake and river, would days 
hours, and not days Major Symons estimates. remem- 
bered that the running cost the steamer per day would the same 
during these days hours, with the exception the cost for fuel, 
oil, and waste, and possibly insurance wheat, the daily cost 
the assumed days, easy obtain the additional cost 
going from Chicago New York and return, instead from Chicago 
Buffalo and return. For this purpose Table No. Major 
Symons’ report here introduced: Ship-canal, Buffalo New York, 
Oswego route, steel lake-freighter largest type, drawing ft., 
carrying 7000 tons wheat down. Wheat transported down an- 
nually 70000 tons, return one-third load miscellaneous freight, 
aggregating 333 tons annually; steamer value $250 000; value per 
ton carrying capacity 20-ft. draft, $35.71. 
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insurance wheat assumed the same per trip, what- 
ever the time required, and the same true fuel, oil and waste, 
both unfavorable assumptions for ship transportation, the cost per day 
220, the number days the vessel assumed commission. 
The cost per trip items and obtained dividing the above 
amounts 10, the number trips assumed. This gives the total 
cost for days $35 063. 

The freight carried per round trip equivalent 300000 bushels 
wheat. per bushel therefore 1.17 cents instead 2.28 cents, 
given Mayor Symons. 

For asteamer 16-ft. draft Mayor Symons’ figure 2.81 cents, and 
the corrected figure 1.41 cents. These corrected figures 1.17 and 
1.41 cents are the costs from Buffalo New York, because this 
culation the whole cost the steamer caused delays port has been 
charged the cost from Chicago Buffalo. About 0.46 cent per bushel 
ought subtracted from the rate from Chicago Buffalo for costs 
port, caused transfers. For steamer 16-ft. draft the cost 
from Chicago New York ought therefore divided follows: 


Cost Chicago for transfer............. 0.23 cent per bushel. 
Buffalo New York for transport....... 
Cost New York for transfer........... 


this ought added 0.14 cent for profit from Buffalo New 
York, giving total 2.92 cents per bushel. 
the determination the most economical method transporta- 
tion between the Great Lakes and Europe there are these alternatives 
considered: 
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First.—Lake steamers the lakes, barges the canals and river 
and ocean steamers from New York. This method offers the cheapest 
transport lakes, canals and ocean. requires only canal 
moderate water-prism between Buffalo and Albany. Itis, however, 
subject heavy costs transfer Buffalo and New York. The delays 
caused transfers make this the slowest method. probably jus- 
tifies canal ft. deep. 

Second.—Barges the lakes, canals and near sea coasts; ocean 
steamers for distant sea coasts and foreign trade. This method avoids 
all transfer Buffalo, and large part New York. gives 
fairly cheap transport the lakes, canals, and along the sea coasts, 
but subject heavy costs for transfer New York part 
the traffic. probably requires canal ft. deep make 
most economical. 

Third.—Ocean steamers for through business between the West 
and foreign countries distant sea coasts; barges lake steamers 
between the West and the East. This avoids all transfers, gives cheap 
transportation the lakes and ocean, but rather dear transportation 
canals for through business between the West and Europe. For 
business between the West and the East gives the best accommoda- 
tion, allowing larger speed for barges and lake steamers. the 
fastest route for all traffic; but needs not only enormously expensive 
canals, but also the deepening lake channels and harbors. 

evident from the above, that for determining which the 
best method the following data have obtained: 

(a) Cost canals between Buffalo and New York of, say, 12, 18, 

and ft. depth. 

Cost deepening lake channels and harbors various depths. 

(c) Cost transportation ocean vessels various draft from 
ft. the ocean lakes, and canals and rivers. 

Cost transportation barges and lake vessels various draft 
canals and rivers different size, and the lakes and sea coasts. 

(e) Cost transfer New York and Buffalo and methods im- 
proving the same. 

(f) Probable amount traffic through cauals various depths 
and various freight rates. 

Major Symons’ report contains the most valuable collection data 
referring these matters, which has come the author’s knowl- 
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edge. estimate the cost ship-canal ft. deep, made 
eminent engineers, will shortly made public. The 14-ft. canal 
from Montreal the West, which will opened next year, will 
probably soon supply valuable data regard the cost trans- 
portation large barges, canals, and the lakes. 

There are two kinds costs incurred moving freight, cost 
transport and cost transfer. The best possible adaptation the 
carrier the route which travels will make the cost trans- 
port the smallest. Canals moderate depths will furnish very cheap 
transport the carriers are especially adapted them. This best 
adaptation the carrier the route, for the traffic between the 
lakes and Europe, is, however, only obtainable transfers New 
York and Buffalo. These produce large costs transfer, and slow- 
ness transportation, the latter disadvantage difficult ex- 
pressed figures, unless the higher freight rates and larger amounts 
business, which railroads are able obtain, are taken 
measure it. These costs transfers can, route here con- 
sidered, partly avoided using barges that are able run 
safely and economically the lakes and sea coasts. These barges, 
however, are not economical canals mere canal barges, be- 
cause the latter can built much lighter. These lake barges need 
also much deeper and more expensive canal. 

All transfer costs through freight and consequent delays are 
avoided canal accommodating ocean steamers. 

Costs transfer and costs transport are two opposing factors, 
which the first can only avoided least slightly increasing 
the latter. very important carefully what prop- 
erly chargeable each, since error this respect must often lead 
erroneous choice between the three methods transportation 
above mentioned. also important not neglect the economic 
value speed transport which largely the cause the higher 
rates and larger amount business obtained railroads. Since 
the relative costs transport and transfer are decisive, the 


proper choice method transportation, Table No. given and 


shows the results calculation these amounts, based Major 
Symons’ Table No. 32, with the assumption that one-third the ex- 
penses steamer between Chicago and Buffalo, and the barges 
between Buffalo and New York, and one-quarter those steamer 
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between New York and Liverpool, are incurred while port. Several 
columns have been added, and corrections made regard the cost 
transport lake vessels between Buffalo and New York, and several 
arithmetical errors, Major Symons’ table, have been corrected. 

The canal ft. depth, Major Symons, would 
probably decrease the total cost between Chicago and New York 
2.12 cents per bushel, cents partly forcing reduction 
transfer charges Buffalo and partly reducing the cost trans- 
port the Erie canal. would probably bring about reduction 
transfer charges New York for all freight going through it, esti- 
mated 0.5 cent per bushel. might even better should 
prove practicable build barges 10-ft. draft, that could run 
economically the lakes, canals and sea coasts. This saving would 
abundantly justify the expense canal ft. deep were im- 
possible build one different depth that would give better return 
the capital invested. The saving obtainable canal the 
Oswego route, 18-ft. depth, and with water-prism 400 sq. ft., 
may thus analyzed: Such canal could navigated barges, 
which have proved experience their ability compete successfully 
with the cheapest means transport the lakes and along the sea. 
coast from Virginia Maine. They would have run through 
miles canal and miles canalized river, while the 500-ton 
barges the canal suggested Major Symons would have con- 
tend with 270 miles canal and miles canalized river. The for- 
mer would, therefore, least well regards cost transporta- 
tion, and very much better regard time. They would also save 
the transfer Buffalo. The cost from Chicago New York for 
bushel wheat would, therefore, 1.14 cents less than the 12-ft. 
canal (see Table No. 1), saving cents ton all freight 
and from New York. assumed that the 12-ft. canal would 
force transfer charges New York, which are now for through busi- 
ness, inclusive trimming, ocean carriers from 1.7 cents, 1.2 cents, 
there would remain cost transfer New York cents, which 
would saved the 18-ft. canal for all freight going near sea 
coast points. 

Such canal, having smaller amount contracted channel and 
avoiding transfers, would also give considerable advantage time, 
especially the locks Niagara Falls and Cohoes could 
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bunched into two Mr. Dutton’s pneumatic locks the former, and 
one the latter place. The difficulty obtaining enough water 
the summit level could also solved using these locks (which 
need only small fraction the water consumed ordinary locks) 
the two locks the ends this level. Such canal, avoiding 
transfer New York, would give the whole sea coast from Virginia 
Maine the benefit extremely cheap transport with the West, 
and would probably secure much freight from, and these sea 
coasts, from, and New York. 

The saving the 18-ft. canal, against the present Erie canal, 
would (see Table No. 1): 


Cents 


Per ton. per bushel, 
freight and from New York......... $1.09 3.26 
near sea coast..... 1.92 5.76 


The average $1.42 equal amounts freight assumed for the 
three destinations. 

business 000 000 tons, which might reasonably ex- 
pected soon after the opening 12-ft. canal, the saving would 
520 000, assumed that one-half will beyond New 
York. 18-ft. canal could navigated the barges present 
existing the lakes and sea coasts. would give speedier transport 
and could give cheaper rates, and would therefore have, from the be- 
ginning, larger business than 12-ft. canal. assumed that 
would obtain business 000 000 tons soon after the opening, 
would give saving $1.42 000 000 $21 300 000 per year 
cost transport and transfer. has been assumed, far, that 
barges would not cross the ocean. Attempts have been made build 
whaleback barges for ocean traffic, but the author not misinformed, 
they have failed account structural weakness. There seems 
the author doubt that ocean-going barges can designed 
that could business the lakes, and 18-ft. canal, with fair 
economy; and, with anything near the present transfer charges, they 
would, probably, have advantage over other carriers through 
business between the West and Europe. There would difficulty 
designing proper attachment for the hauling cable the barge 
vessel prevent its breaking account the inharmonious motion 
vessel and barge produced storms. Should canal 
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ft. depth built between Buffalo and New York, the greatest possible 
inducement would given experiments this direction, and there 
seems little doubt that they would successful. this case 
there would much less inducement build ship canal for ocean 
steamers than present exists. 

canal ft. depth, with 400 sq. ft. water-prism, the 
Oswego route would probably cost about $100 canal 
ft. depth, with about 200 sq. ft. water-prism the same route 
estimated Major Symons cost $200 000 000. 

The result this argument altogether favor large motor- 
less barges carriers routes containing long stretches canals, 
and promising large business, because these make possible the avoid- 
ance expensive transfers with only slight increase cost canal 
transport. 

The reason why motorless barges, fit for sea coast and lake traffic, 
are almost equally well fitted for traffic canal sufficient depth, 
lies the fact that they carry motive power. The motive power 
for vessel canal speed miles hour, comparison with that 
required for economical speed the lakes, say miles hour, 
about one thirty-fourth the latter. carrier containing its own 
motive power, sufficient for speed miles per hour, very ex- 
pensive per ton carrying capacity; makes for this disadvantage, 
however, its speed, and can thereafter business the lakes 
cheaply large barges much slower speed canals. Let this 
carrier come the canals, where obliged reduce its speed, and 
suffers from the combined disadvantage being very expensive, 
comparison with its capacity; needing large crew; and its motive 
power, working only small fraction its capacity, extremely 
wasteful coal, oil and supplies, well attendance engines 
and boilers. This the main reason the unfitness either lake 
ocean steamers for canal traffic. The motorless barges can hauled, 
the lakes orsea coasts, powerful tugs the speed lake vessels, 
and the canals, either steam canal-barges, small tugs. 
The difference design lake and canal-barges small comparison 
with that between vessel able run miles hour, and motor- 
less barge, barge fit miles hour and haul few con- 
sorts. Large motorless lake ocean-going barges, therefore, ful- 
fill most nearly the conditions for cheapest and speediest transport, 
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which are, absence transfers and best adaptation carrier 
route. 

was above estimated that ship-canal depth would give 
saving 4.61 cents bushel the transportation wheat from 
Chicago Liverpool, comparison with the cost the present Erie 
Canal. This gives cost 7.5 cents, 0.85 cent less than the 
18-ft. canal, with transfer New York (see Table No. 
cents ton, and present would certainly not justify the enormous 
expense required. 

For the business between the East and the West, such canal would 
undoubtedly offer some advantages allowing greater speed and 
larger barges vessels, but with the present experience this ad- 
vantage cannot well expressed figures. 

The Suez Canal now being deepened meters, and the 
expectation many that this will make possible speed miles 
hour the same. these expectations are realized, would 
possible upon greater speed for lake vessels and barges 
than has heretofore been assumed canal between Buffalo and 
New York. This would give saving the business between the 
Lakes and the coast which might justify some future time the con- 
struction such canal. 

All these and inferences are evidently not more re- 
liable than the data which they are based, and this paper was 
not written with the purpose settling the question decisive 
way, but with the intent showing that has not been settled, and 
giving method doing so. 

The author hopes has brought forward prominently the fact 
that, since canal built diminish the cost transportation, the 
question can only settled carefully analyzing this cost, separat- 
ing quantitatively into the different elements, finding how these 
elements are affected different kinds canals and carriers, and 
then choosing that combination which will make the sum all the 
elements costa minimum. this paper induces those who have 
pertinent information, regard the doubtful points that have 
determined before the question can decisively answered, 
come forward and give the public, will have answered one 
its purposes. 
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GENERAL STATEMENT. 


Some twelve fourteen years since, the author, Assistant En- 
gineer the late Major James Post, was directed thoroughly 
investigate the subject movable dams, applied Europe and 
this country, with view their adoption certain small rivers 
the district under his charge. 

The investigation resulted the accumulation great amount 
material from widely scattered sources, treatises, reports, 
pamphlets, magazine and newspaper articles, etc., and valuable in- 
formation from actual observation the dams the Ohio and 
Great Kanawha Rivers. 

The object this paper digest and present the information 
thus collected concise shape practicable connection with 
description, more detail, the needle dam recently completed 
the author the Big Sandy River Louisa, Ky., and incident- 
ally make plea for more satisfactory solution the problem 


‘river improvement the construction movable dams higher 


lift American rivers. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 
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THOMAS MOVABLE DAMS. 


Classes and Kinds.—Movable dams may divided into two general 
classes: (1) those requiring extraneous power for their maneuvers, 
and (2) those operated the force water properly applied. Among 
the first class may named the various types trestle and wicket 
dam, like the Poirée, Chanoine, Boulé, Cameré, while the second 
class comprises the several forms bear-trap, drum-wickets, etc. 
The first class practically the only one far applied navigable 
rivers, and its application has been confined largely the wicket 
Chanoine and the trestle and needle Poirée. general these dams 
are constructed two more sections, addition the lock, 
which all dams must have. One these for navigation, called the 
pass, and one more for the passage surplus water, called the weir. 
The sill the pass generally placed below original low-water 
those the weirs conform closely the bed the river and are gen- 
erally considerably higher than that the pass. The forms clos- 
ing are many, and frequently vary the same dam; for instance, the 
pass may wickets and the weir needles, the reverse may 
the case; however, there are many dams wholly wickets, but none, 
far known the author, wholly needles except the one here- 
tofore mentioned, this country. 

More than one type has been applied, even the same part 
dam; for instance, Suresnes, France, the pass closed trestles 
supporting alternate bays Boulé gates and Cameré curtains. 

The Chanoine wicket heavy upright door hinged below its 
middle horse connecting with floor and also prop which 
rests against shoe the floor. The removal the support the 
prop permits the wicket fall with the current. 

the smaller rivers, generally, the Chanoine wicket has come 
into use for least one part the dam, and almost all cases such 
dams are operated from foot-bridges made Poirée trestles; practic- 
ally double construction. Formerly Chanoine dams were raised 
from boat, but this method has been superseded the foot-bridge, 
except wide rivers. 

the needle dam the water dammed planks, called 
needles, resting against bars connecting the trestles the top, and 
against sill the river-bed the bottom. The trestles are spaced 


from ft. apart and when not use lie down across the stream, 


being protected from injury the sill mentioned. walkway con- 
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nects all the trestles when standing. The needles are generally 
small dimensions and are placed hand. The Boulé gate and Cameré 
curtain replace the needles small gates and curtains resting di- 
rectly against the trestles against uprights leaning the trestles. 
the overhead-bridge dam the supports are all drawn the 
bridge when not use, and their bottoms rest against sill the 
river-bed when use. 

Object and solution the problem improving 
rivers moderate flow can attained most satisfactorily the con- 
struction high-lift movable dams. This simply means the applica- 
tion heavier parts hold back the water, and heavier machinery 
with which perform the operations, than are now use. The 
purpose movable dams conserve the water stream during 
the season medium flow, that navigation may uninterrupt- 
edly through the lock, and restore the stream its natural condition 
again (by lowering the dams) upon the approach sufficient water 
for free navigation. 

the latter respect, movable dams are great improvement over 
fixed dams, which navigation must pass through the lock all 
times. Another advantage they possess over fixed dams, which, how- 
ever, seems have been lost sight of, that they are applicable 
higher lifts, because they not raise the level the water during 
freshets above its accustomed height the original condition the 
river. While this fact, yet these dams have not been applied 
even equal lifts with those fixed dams, and their greatest draw- 
back has been that their cost was far too great for the amount river 
made navigable thereby; other words the lift attained was too 
small justify the expense. The success movable dams cannot 
considered complete until they have been applied lifts least 
equal those which would given fixed dams the same points, 
and greater cost. 

many rivers where the banks are good height, believed 
possible reduce the number dams half that now pro- 
posed, and still adhere types which have had ample trial and are 
The American needle dam which has been mentioned 


ustains head ft. for months, and yet maneuvered with 


imple appliances and with great facility are the needle dams 


with heads ft. Its operation would quite easy 
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with much greater depth the sill, provided the lift was not pro- 
portionately increased. That the lift Chanoine dams can in- 
ft., with wickets ft. high, the author has 
doubt, particularly suitably designed tripping device used 
which will admit more rigid prop and horse construction. 

The Boulé gate may also readily applied high lifts rivers 
where there ample time for the maneuvers, and the overhead-bridge 
dam already use for high dams. 

The author does not claim any expert knowledge the subject, 
and hopes see open criticism his opinions from those wider 
and maturer thought, but has successfully applied 
needles above stated, and his investigations have convinced him 
that other systems may applied much higher lifts than hereto- 
fore, with vast economy the first cost well the future opera- 
tion and maintenance, and the great benefit navigation, which 
will then not troubled the delay and danger incident passing 
through many locks. 

While the present forms dam can applied greater lifts 
their maneuvers are attended with more less danger, and this ob- 
jection should overcome designing dam with high lift. 

The greatest danger life occurs lowering the dam, when the 
water turned loose and forms raging torrent from which rescue 
would impossible, and this work should not take place from 
narrow foot-bridge maneuvering boat. This should 
the substitution suitable appliances located the masonry, and, 
where possible, the raising should also done with stationary 
machinery; but where this not practicable, should least occur 
manner which way endangers the lives the men engaged 
it. 

Essentials—The study this subject has developed the author’s 
mind the conviction that every movable dam not operated the 
natural forces the water, properly brought into play, should fulfill 
the following conditions: 

(1) The head water sustained should not less than that advis- 
able for stationary dam the same point. 

(2) The dam should capable being operated the regular 
employees and appliances, both lowering and raising, under full 
head, whole part, without risk the operatives. 
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(3) The crest should submersible sufficient extent regu- 
late the flow ordinary stages. 

(4) The leakage should not exceed the discharge the stream 
any season. 

(5) The parts should complete themselves without the intro- 
duction additional means for sustaining the water, even low-water 

(6) should not necessary move any part the structure 
its maneuvering appliances points safety during after its 
lowering. 

(7) The cost should not exceed that dam for the same 
location. 

has been stated, several the types dam now use may 
made fill the first condition. The same also true the third and 
possibly the fourth and fifth, but the second condition not ful- 
filled any dam use known the author. may that this 
requirement cannot met single construction, and that com- 
bination would necessary for the purpose, but the author 
the opinion that dam made wholly trestles which could raised 
and lowered right angles the current, with stationary machinery, 
would very nearly meet every condition necessary successful 
movable dam. 

double construction must resorted to, should one 
which the raising done with across the current, and the lowering 
down stream. Neither maneuver should againstthe current. For 
instance, dam consisting wholly trestles could first erected 
from the masonry, and then composed wickets shutters 
could safely set the quiet water thus occasioned, before the 
trestles would overflow; soon the dam proper was up, the trestles 
could let down. The lowering the wickets shutters could 
done with suitably designed tripping device, operated from the 
masonry, and their erection could accomplished also from the 
masonry with crab engine and chain leading out over the trestles 
and being connected successively with the wicket chains passed over 
sheaves the trestle heads, the usual manner from the foot- 
bridge maneuvering boat. many locations the use timber 
and concrete foundations always submerged would greatly reduce 
construction expenses. With the abundance gravel many 
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streams, which must removed order build the foundation, 
and the cheapness good cement, possible secure excellent 
concrete small cost; and the whole construction simplified its 
use, as, with it, the formation culverts, the laying pipes, the 
setting bolts becomes easy. 

For lock faces and exposed surfaces can, with small additional 
cost, shaped have the appearance the finest masonry, and- 
the architectural effect works this class should not neglected. 
Ornamentation not necessary, fact, would out place; but 
every part which shows above water, the masonry, the gates, the 
trestles, the wickets, the operating appliances, the buildings and 
grounds and fences, should designed present appear 
ance once satisfactory from artistic well from utilitarian 
standpoint. 

While timber may advantageously used deep foundations, 
should rarely appear those parts the structure which are ex- 
posed; and the use for guide and protection cribs con- 
demned, because lasts but short time and unsightly. The use 
concrete for these structures will about double their first cost, but 
their renewal will not necessary. 

With the foregoing remarks general character, the subject 
will now taken more detail, prefaced brief réswmé 
the condition river improvement previous the introduction 
movable dams. 

History.—A dam barrier placed across water-way for raising 
its level diverting its course. Dams are used aids navigation, 
irrigation, the running machinery, and for the storage water for 
domestic and manufacturing purposes. There are two general classes 
dams, stationary and movable. stationary dam wall placed 
across stream affording passage for navigation the discharge 
water except over its crest. movable dam barrier placed 
stream and capable being lowered, when desirable, form 
obstruction navigation the passage water. 

Mill dams are said have been use before the Christian era, 
and known that they were numerous early the 5th century, 
but these dams were hindrance rather than help navigation, 
they completely closed the streams, or, when sluices were opened 
streams affording sufficient water, they were difficult ascend and 
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dangerous descend. Prior 1830 the fixed stationary dam was 


the only one used for navigation purposes. These had been use 


the Lot since the 13th century, and, with the introduction locks 
the 15th century, had been constructed many rivers, but they 
were open the same objection that exists to-day—the principle 
unfavorable navigation. Dams with navigable passes had been used, 
but the ascent the pass was always very laborious and costly. The 
openings passes were closed beams lying one sup- 
ported piles piers the ends, planks resting against sill 
the river-bed the bottom, and beam spanniug the opening the 
top. When was desired open the passage, the beams planks 


were removed, either one one, simultaneously, and the water 


rushed through with great violence. Sometimes these beams and 


planks were used for the purpose producing artificial floods, 
damming the whole river for certain time, until the level the 
pool above the dam had been raised desired height, when, 
the sudden removal the beams planks, the water escaped and 
carried rafts boats over the shallow places below. The operation 


country log streams called Some falling gates 


shutters, supported props when they were upright, were built 
across the crest fixed dam the River Orb, France, the 18th 
century, forming the first attempt placing movable weirs fixed 
dams. 

The first distinct type movable dam was erected the early 
part the present century the Lehigh River, the United States, 
and known the bear-trap dam, but this system has not come into 


general use. consisted two wooden gates revolving horizon- 


tal axes the floor level. The down-stream gate pointed stream, 


and the up-stream one pointed down stream. The up-stream gate 
rested the edge the down-stream gate when raised. The dam 
was operated water running under the gates through culverts and 
forcing them up. revival interest this form dam has taken 
place recent years, and believed that results valuable 
navigation will follow its re-introduction American rivers. 

Fixed dams were sometimes built with several openings pas- 
sages admit the regulation the pool and the passage timber 


and boats. dam was formed masonry timber cribs filled 
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with earth sometimes merely embankment stone 
protected water walls. The coping the dam served support 
foot-bridge carrying crab for operating the shutters; sometimes 
several gates were placed the same line, the width the opening 
being divided into several bays vertical beams, one end which 
rested the floor and the other the foot-bridge. The gates slid 
grooves the vertical beams. Sometimes, was desirable 
secure considerable head water, several gates were used, one 
above the other. These were objectionable for the reason that the 
shutters were too narrow, their supports too close, and the foot- 
bridges were raised too little distance above the water allow 
traffic pass under them. 

Similar the old-time stanches were the horizontal 
the use these, openings could made from ft. wide 
more; and, the foot-bridge being dispensed with, using sufficient 
number beams, considerable height could secured the 
but the beams were very heavy and difficult manage. facilitate 
maneuvering, escapements escape were sometimes used, 
which one end rested against beam turning vertical axis. The 
opening the pass was easy and rapid, but the closing remained 
difficult. Openings wide enough allow the passage rafts and 
boats could made the removal the beams. 

Prior 1834, the best type dam known was the masonry ones 
the Lot. This was the oldest canalized river. Locks were intro- 
duced upon soon they were known. Ina distance 160 miles 
there are locks with fixed dams, having total lift 515 ft. The 
depth water the lower sill is3 ft. Navigation this time 
had been expensive, slow and uncertain, and system movable 
dams had been invented which tended solve the difficulty. 

the year 1834, Poirée, eminent French engineer, invented 
the needle dam. This invention ushered new erain navigation, 
and this type dam soon multiplied and was improved and modified, 
and other inventors came forward with entirely new ideas, some good, 
some bad, until to-day there are numerous systems from which 
choose. 

may imagined, the invention movable dams France was 
arrived after long discussion ways and means for more 
successfully operating the movable apparatus used for closing the 
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chutes the old stationary dams. The use needles was already 


old. The problem solved was how best widen the passages 
accommodate the increased requirements. The experiment 
supporting the tops the needles rope was tried, and was 
measure satisfactory for lifts ft. passes considerable 
width. The rope was braced the down-stream side the sill 
strips wood. One end the rope was tied anchor, while the 
other was wound windlass. open the dam was only neces- 
sary cut the line the anchor, when the whole set needles 
would float out, being attached the rope beforehand, were also 
the braces. This, then, was the status improvements fixed 
dams when the first actual movable dam was constructed, and was 
only natural that iron trestles should supersede masonry piers 
needle dams, that gates sliding these same trestles should later 
replace the sluice gates the old chutes operated from overhead 
bridge, that the swinging wickets formerly used increase the 
heights stationary dams should actually form the dam itself 
after years, and that hinged together and supported 
trestles should form curtain dam that was become famous. 


NEEDLE Dams. 


Under this head will described the needle dam applied 
France, Belgium and the United States. Those other parts 
Europe and South America vary but little from the French pattern. 


FRANCE. 


While the bear-trap was earlier use the Lehigh, yet the pioneer 
movable dams navigable rivers and the one which has always 
been most general use, the classic needle dam invented 
Poirée 1834 and first constructed Basseville, France. called 
needle dam because the wall which holds and supports the water 
made needles wooden spars ranged side side across the 
stream. 

better description can given than that the inventor him- 
self* ten years after the first dam was built, which follows: 

consists row placed parallel with the current, 
turning around their bases, fixed the floor, and connected with one 
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another the upper part, when they are upright, clamps bars 
claws the end. Wooden needles, resting against the up- 
side sill the bottom and the bars the top, form the 
wall which arrests and sustains the water. When all the trestles are 
bedded they present obstacle navigation above the sill the 
floor. Each trestle shaped like trapezium, the two bases are 
horizontal, the lower base ends journals which fit into two boxes 
cast iron; the upper base carries the planks service-bridge. The 
up-stream side vertical, the down-stream one sloping. The inside 
furnished with brace with other bars according the strain 
supported. the head the trestle bolt which carries its 
upper side washer against which rests the up-stream bar, and having 
the lower end cap against which fitted one side the curved 
claw the hook which unites each trestle the preceding one, and 
the other side the end the hook which joins the one following. 
Each hook provided its extremity with chain which serves for 
working it, and the end the chain fastened the cap the pre- 


ceding trestle. order allow the trestles easily worked two 


men, they are placed 3.28 ft. apart and are only 6.23 ft. high, 2.56 ft. 
wide the top and 4.92 ft. wide the base. The thickness the iron 
0.12 ft., and the weight each trestle 242 lbs. without the bars 
and hooks (dimensions the trestles the Decize dam, built 1836). 
When necessary raise the dam two men take the chain which 
hangs along the abutment, raise the first trestle, place its hook the 
ring fixed the masonry, lay the two planks the foot-bridge, and 
fasten the trestle the coping the front and back bars. They 
work the same way with the rest the trestles. The skeleton 
the dam being thus, the two men proceed fill placing 
the needles one one, first one space apart break the current, 
then close together make the wall tight possible. de- 
sirable lower the water, men take the needles away one 
time and lay them the back part the foot-bridge. desir- 
able remove the trestles, the needles are taken the storehouse, the 
bars and planks the last bay are removed; then the hook raised 
which joins the last trestle the last but one, and allowed 
fall, the shock being lessened means the chain fastened the 
hook. The same method pursued with each bay. When each 
trestle laid down and the chain stretched, ring particular con- 
struction placed conveniently determined distance should 
the right the screw-ring the trestle still standing; such not 
the case, shows that the trestle not the bottom.” 


Modifications.—M. d’Haranguier Quincerot substituted for 


wooden foot-bridge one iron, fastened the trestles and joining 
them one another when up, and falling with them when they are 
lowered, partially covering them when rest the floor. The 
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trestles the dams the Cher are thus arranged. They weigh 329 
and are raised with asmall winch. The adoption the sheet-iron 
floor gives one movement solid service-bridge, when the trestles 
are raised, addition holding the trestles firmly together and sup- 
porting the heads the needles. Other modifications soon followed 
that the foot-bridge, and higher dams were built. Thus, from 1860 
1869, the dams built the lower Seine, the trestles were made 
10.82 ft. height and placed 3.60 ft. apart. The introduction high 
dams necessitated invention another direction, e., 
the needles, which were greatly increased size and weight. This de- 
vice consists connecting the trestles bar made support 
the heads the needles and capable being released 
simple arrangement, when the needles that bay are allowed fall. 

Regulating Weir.—M. Poirée, the inventor the needle dam, saw 
the beginning the necessity means being provided for the escape 
surplus water not the needles and foot-bridge, and 
makes the following remark this connection The accom- 


panied fixed weir made level with the pool, the height which 
serves regulate, while the same time means pass- 
ing off any sudden rise which might happen come night 
during the absence the watchman.” 


The length this dam fixed the width the river the 
entire volume water the stream. 

the early history movable dams these regulating weirs were 
all built stationary, but later inventions enabled them con- 
structed movable parts, the same the passes navigable por- 
tions, but not the same manner. For this purpose the wickets 
Chanoine, which will fully described this paper, 
have been largely used. 

Needles.—The needles the first dams were made red pine, 0.13 
ft. square and 8.2 ft. long, and weighed about lbs. when wet. 
Many later dams France have needles 0.26 ft. square and 13.12 ft. 
long. the later dams the lower Seine the depth water the 
sills 9.84 ft., and thelength the needles 14.76 ft. Much this 
length must necessarily stand above water and use solely the 
placing the needles. Their construction varies with the locality, 
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the ideas the engineer. Some are provided with ring the 
up-stream side through which rope may passed for the purpose 
holding them when the dam lowered; others are held 
the bar connecting the trestles hook the down-stream side, 
while many dams they are plain scantling with simple handle 
the top. Their section also varies somewhat; some being square, some 
rectangular, while another form has uniform width, but larger 
the point greatest resistance than either end. Hexagonal and 
semi-hexagonal needles, and needles with rubber up-stream facings 
alternates, overlapping each its fellows, have been proposed 
and experimented with, but none these have come into general use. 
hollow needle made four planks nailed together and banded with 
iron has been proposed, and promises good results. 

One serious drawback needle dams has been the constant break- 
age the needles when made size easily handled. This has been 
overcome some dams the introduction relieving bar placed 
about one-third the height the part under stress, and suspended 
chains. This bar wood and rests against the up-stream sides 
the trestles. Another method was proposed the engineer Cadot 
when engaged upon the improvement, which was make 
trestles with two stages needles, one above the other, but not 
known that this idea has had practical application. 

The Chief Engineer the large needle dams the Marne has fur- 
nished the author the following, under date May 29th, 1897, re- 
gard needle dams that stream: ‘‘The needles employed the 
canalized portion the Marne for closing the dams are red north- 
ern fir, from ins. ins. square, according the lift, and 
length ins. needle these dimensions reaches 
weight 100 and experience has shown that this ought not 
much exceeded. The placing and removal piece ft. ins. 
long, weighing more than 110 would require too great effort 
the part the lock-tender his assistants, and the maneuver 
would become much more complicated and take longer time, part 
the advantages the system would lost. This was the principal 
reason for giving the needles which measured ins. ins. 
these were used for the purpose experiment, but this date they 
have been abandoned. 

needle provided with handle and iron hook, which are 
considered indispensable for the operation. placing needle 
position, held the handle almost horizontal position, 
care being taken that the hook around the support-bar; the end 
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then allowed enter the water and carried around the current 
till stopped thesill. the length the needle from the hook 
the end exceeds the length from the support-bar the sill 
the foot the needle scrapes along the floor just the 
needle becomes upright. This takes away the shock from the sup- 
port-bar almost completely, and assures the normal placing the 
needle. 
operation also carried out with the greatest 
ease. Usually crab carried truck used raise the needle 
till passes over the sill, when swings the support-bar and 
the current. then lifted hand from the footway and loaded 
only used exceptional cases, and when the 
pools have reached the same level. remove floating needles from 
the water, advantageous use crane with collar the end, 
which turns balanced beam with chain rope each end; this 
crane fixed the car. The head the needle fastened one 
these chains and pull exerted the other; the needle thus rises 
and held man the footway. many cases the balance 
beam used without having swung the needle, and the freeing and 
removal thus accomplished one and the same time. some 
dams the car replaced simple jointed lever, and the needles are 
-then carried away hand. Hook needles thus afford several combi- 
nations, for, the suppression all danger operation (which the 
real advantage the system) the object such solutions.” 
Trestles.—The trestles were first built square iron and braced 
diagonally and horizontally with flat bars, but the construction 
higher dams became necessary, other forms iron were used which 
had less weight for the same However, bar iron still used 
some dams. The lower bar base the trestle terminates jour- 
nals which fit into cast-iron journal-boxes fastened the masonry 
the floor which the trestle turns when lowering raising the dam. 
The posts uprights stand this axle, and are fastened 
means plates iron and rivets.. cap surmounts the posts and 
completes the trapezium. brace reaches from the bottom the 
down-stream post the top the up-stream one, and this held 
place horizontal braces connecting the two posts. All members 
are united riveted iron plates. chain fastened the top bar 
serves raise the trestle. 
order raise the foot-bridge above danger the 
sometimes surmounted rectangular framework iron 
which the floor the bridge attached, thus forming safe con- 
nection between the trestles. upper supporting bar the 
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needles, when arranged for their simultaneous fall, generally con- 
nected with the up-stream post this frame. 

Method Working.—Originally the attendant and his assistant 
began the abutment the erection the dam. The first trestle 
raised (which the last lowered) brought its chain 
boat-hook. The clamp hook attached the trestle placed 
ring fixed the masonry the abutment, and the planks the foot- 
bridge laid. The trestle then fastened the coping the front 
bar, which supports the upper end the needles, and the back bars, 
joining the lower side the trestles. They proceed the same way 
with the remaining trestles, thus forming the skeleton the dam. 
The needles are then placed one one, first one space apart break 
the force the water, and, later, close together, make tight wall 
can made. desired lower the dam, the needles are 
carried the bank, one time, the bars and planks the bay are 
removed, the hook which joins the last trestle the last but one 
then unfastened, and the trestle lowered the chain, and until 
all are down. 

More minutely, the following description the operation the 
Decize dam the Loire River, France. Suppose that part the dam 
has already been raised, and that desired raise the rest. The 
assistant carries the next the last bay three planks and the two 
bars which are form the service-bridge and hold the trestle 
they are going raise. The attendant, standing upon the bridge 
the last bay, draws toward him the chain. loop passed through 
the chain which attached the trestle last raised and fastened 
the head the first trestle lowered. attaches link this 
chain with hook another small chain 4.26 ft. long which pulls 
tight his convenience. Both men then move the trestle and raise 
little. Then the assistant draws almost vertical position, 
while the keeper takes the handle-bar, and catches the upper side 
the moving trestle between the projections the end next him 
the last trestle raised. then puts down the service planks, takes 
the holding-bar and attaches the trestle just raised the one next 
taking hold with the teeth the bar those parts the trestle 
heads above the cap through which the chain passes. then de- 
taches the handle-bar ready for the next move. The method lower- 
ing the trestles follows: After the needles have been taken away 
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for distance say ft., the dam-keeper joins the first and second 
trestles the handle-bar, removes the holding-bar and the foot-bridge, 
which the assistant carries away, either the bank portion 
the bridge not lowered. The keeper then draws the chain 
his feet, taking care that not kinked, seizes the handle-bar, 
removes from the second trestle, and pushes the first one over, giving 
the handle-bar twist which disengages it. The trestle then falls, 
dragging the chain after it. The dam-tender then draws the chain 
satisfy himself that the trestle properly bedded, which does 
means ring the chain fixed certain distance. some 
dams the chains have been suppressed, and the raising requires several 
men and done hook. the navigable passes the 
which the trestles are 13.34 ft. high, the chains are fastened the 
down-stream side, there less danger catching. these the 
foot-bridge made pine panels 0.13 ft. thick. Each one bears 
its end the consecutive trestles. The bridge furnished with two 
side rails which carry operating machine composed low wooden 
platform supported iron frame and running four cast-iron 
rollers. This machine carries ratchet windlass which serves raise 
the trestles. open-throated pulley fastened the end the 
windlass rope and receives the draw-chain the trestle. moving, 
rolls along the foot-bridge, raising the chain that does not 
chafe the head the trestles. This carriage can take fifteen panels 
with their bars, will carry enough needles fill space ft. 
operated follows: Starting from the abutment, the first trestle 
raised; for the succeeding ones brought down the foot-bridge 
and rolls the side rails. provided with hooks hold firmly 
place. takes his hand down-stream bar and 
the windlass pulley and walks the end the foot-bridge. 
places the chain through the pulley and stands the bridge. 
assistant the carriage turns the windlass and raises the trestles. The 
dam-keeper catches the head with the bar which has meantime 
fastened the gudgeon the last trestle raised, thus uniting the two 
trestles. then takes the panel the bridge, fitting the corner irons 
thereof around the corresponding gudgeons, and lets down light 
hook. then fastens the panel hooks and places the up-stream bar, 
when the bay complete. The next trestle raised the same way 
and the carriage not removed until the load upon exhausted. 
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This operation carried quickly, easily and without danger. 
also allows the trestles placed 3.83 ft. apart. 
clamped hooks the trestle head and restrained notches cut 
the ends the corner irons. attached the neighboring panel 
forks, which form splices and ensure continuous rolling surface 
for the carriage. The lowering the trestles accomplished the 
opposite way. there considerable lateral stress the trestles 
raising them, U-irons have been found better than cross- 
irons. The possesses moment inertia almost three times 
great the others, easily rolled, and well adapted joining. 
The weight one the trestles the 447 the water, 
and the effort traction necessary commence raising the trestle 
356.4 lbs., which necessitates the use windlass. the trestles 

handling the needles there usually difficulty carrying 
them hand and danger except night bad weather. The 
density red pine when wet abont lbs. per cubic foot. The 
needles vary weight from 103.5 lbs., and even the heaviest may 
carried the dam-keeper. However, the carriage before described 
used transport the heavier ones. place needle, set hori- 
zontally the bar along the line which the needles touch the sup- 
porting bar when they are position. Slightly incline the needle 
stream, when the current will catch and carry upright 
position. some dams hook has been placed the needles 
along this line which fastened over the bar, and the needles car- 


ried into place with greater facility. Another method placing 


take the needle and plunge vertically into the water, allowing the 
foot strike against the sill and the head against the supporting bar. 
The removal the needle done hand giving blow 
raise its head from the supporting bar and then lifting quickly. 
The dam-keeper ought not make effort more than 100 
repeated several times. Fortunately, the case high lifts the level 
the pool very much lower before necessary remove the 
needles. This accomplished the use Chanoine Des Fon- 
taines wickets the weir. there are devices such these, 
necessary resort machinery lift the needles. the old 
Suresnes dam windlass was employed board boat remove 
all the needles, cord being passed around the heads all them. 
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One end was fastened the windlass the boat, and turning 
the needles were lowered successively and the floating line drawn 
the boat; enough slack was left between two upright needles 
enable the first one drawn away before the next one was started. 
This method also has the advantage preserving the needles from 
accident. Release escapements consists unfastening the support 
bars one several bays and allowing the unsupported needles 
carried away the current, where, having been fastened cord 
hawser, they are drawn shore down stream. The escapement 
used France allows the trestles fall the same time the needles 
are released, while the method used the Meuse and the United 
States allows the needles carried away, leaving the trestles and 
foot-bridge upright. There reason why the size the needles 
may not very much increased under this system, even beyond that 
present attained the Big Sandy River America. has, how- 
ever, the disadvantage high foot-bridge and scour the foot 
the pass. 

The escapement method releasing needles has found but little 
favor France, while wholly used Belgium, where the lift some- 
what greater. appliance, and where ice drift 
liable accumulate against the needles, should not omitted. 

History.—The development the Poirée Dam France and Bel- 
gium since its invention will the history that dam. has un- 
dergone some modifications. the parts have increased size, they 
have become complex and more difficult handle. the second 
dam, constructed Decize, the connecting bars were found expand 
summer and contract winter, thus inclining the trestles con- 
siderably out the perpendicular. obviate this, two sets bars 
were used, the shorter set the summer season. improvement 
was made the journal boxes which trestles could more easily 
put when repairs were necessary. 

the first dam, erected Basseville, the trestles were 6.56 ft. 
apart, but this number was soon doubled; they were 4.92 ft. high and 
3.28 ft. wide the base. They operated with perfect success. The 
Decize dam, built 1836, was 328 ft. long. The trestles were 6.23 ft. 
high, 3.28 ft. apart. the Epineau dam, the Yonne, erected 
1837, the trestles were 6.58 ft. high and 3.28 ft. apart; the sill being 
1.28 ft. below low-water mark. The fixed weir was 403 ft. long, the 
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pass being 229.6 ft. long. The Marne dam (1841) was 6.69 ft. high 
the trestles. The sill was 2.62 ft. below low water, the weir was 
410 ft. long, and the pass 158.42 ft. long. The Yonne dams, erected 
from 1838 1842, had trestles from 7.5 7.38 ft. high. The Courbe- 
ton Dam (1849), had pass 123 ft. wide. The trestles were 8.03 ft. 
high and weighed 371 lbs. each. This upward tendency the height 
trestles has constantly gone until height 13.12 ft. was 
reached the Meuse dams, and 15.2 ft. the United States. 

Conclusions—S. Janicki, engineer the Moskva River, says that 
experience has proven the total lack basis the original predic- 
tions made engineers that Poirée dams would dangerous and 
unsatisfactory reasons. Nowhere have the sills been covered 
with sand; nowhere has the bed the river been raised. must not 
forgotten that these dams are laid down leave free pas- 
sage for high water. Their whole value contained these words. 
These dams are not erected until after the alluvium held suspension 
has practically been carried away and the water has become clear. 
The velocity the stream high water sufficient carry away all 
such substances. 

The following are the words the Russian engineer, Lieutenant- 
Colonel Palabine:* for the Poirée system movable dams, 
system quite well known among us, both the descriptions 
which have and some application already existing, must 
confess that one the happiest inventions our century, rich 
after the well-known improvements has received the past few 
years, better fulfill the manifold requirements for artificial nav- 
igation means dams rivers variable levels. And par- 
ticularly our rivers, whose banks are generally scantily wooded, 
that this system destined give remarkable results. Most the 
rivers western Europe are fed constant springs from vast plains; 
ours, the contrary, draw these waters from vast plains mostly des- 
titute forests. We, therefore, see them almost run dry during the 
droughts summer, and become swollen after heavy rains. Again, 
the thick bed ice with which they are covered winter, gives rise 
phenomena almost unknown the rivers western Europe. In- 
undations many miles width occur, and also formidable ice floods 
which destroy every would-be permanent construction the bed 
the river. France the Poirée movable dams are universally ap- 


Journal the Central Administration Transportation Routes and Public 
Buildings, Vol. xii, page 21. 
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proved, and are there general use for the canalization rivers. 
Here, Russia, their inauguration the canal from the Dneiper 
the Boug made epoch the history the improvement our 
river navigation, navigation the greatest importance for the eco- 
nomical welfare our country, whose vast system rivers ina 
great measure destitute water during the summer 


Vol. XV, 1868, Annales des Ponts Chaussées, Saint Yves, 
Ingenieur des Ponts Chaussées, says reference the Poirée Dam: 


the Martot dam the trestles are ft. high. The first needle 
dams were joined permanent dams raised the level the upper 
pool and regulating it; the lift was increased this became imprac- 
ticable and the regulation the pool was accomplished spacing 
the needles. There excessive labor required the dam-tender 
and his assistant. They cancarry two needles each weighing 
not exceed lbs. The placing the needles neither difficult 
nor dangerous. The needle seldom misses the lower sill and when 
does the attendant will not carried overboard lowers his hand. 
Removing the needles requires skill which easily acquired. Maneu- 
vers from bridge are less dangerous than from boat. The bridge 
ft. wide and firmly held place claws. Night work not 
often required. The partial opening the dam has never yet pre- 
vented boat from entering the lock. The dam usually placed 
the lower end the lock. There less danger from scour than 
any other dam for the reason that there overfall. Scour 
dreaded only flood times. Since chains have been taken off the 
trestles they can bedded easily and lie the recess. 
The sill has been raised ins. above the recess. the charge 
unhealthfulness, this might said any dam whatever with equal 
truth. fact the needle dam less objectionable this account 
than any the removal few needles will allow floating 
bodies pass through. considers the Poirée needle dam the most 
perfect for all-around purposes yet invented. Every movable dam 
ought form connected body supports designed sustain face 
for the dam, which should tight possible, and which placed 
right angles the current. The axes rotation should the 
bottom the river and should across the current rather than with 
aguinst it. The Poirée trestles are therefore logically conceived 
and are also natural support for the bridge. systems whose axes 
rotation are right angles with the current the foot-bridge idea 
entirely lacking, and this must independent construction. The 
Poirée needles were small possible order reduce the labor 
maneuvering. The pressure direct ratio tothe surface the 
needle. accord with the enlightened judgment and perspi- 
cacity which characterize Poirée’s system that the dimensions 
the needles were reduced much possible.” 
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Lagrene, formerly the French Corps Engineers, sums 
the following objections needle dams: 


Difficulty placing and removing needles when the trestles 
are higher than ft. 

Danger the men obliged work the narrow foot-bridge, 
which danger increases with the weight needles and the difference 
level. 

Scour the foot the pass; that is, the foot delicate 
and costly work and which dreaded proportion the 
amount the 

Currents near the head the locks near the channels for 
navigation, where there but one pass. 

Continual watchfulness certain times and danger sub- 
mersion. 

Difficulty accurately bedding the trestles when they are high. 

Unhealthfulness produced the stoppage floating bodies. 

and permanent weir connected with the dam the 
danger submersion scour diminishes, but the cost greatly 


Needle Dam Brazil.—M. Teive Argollo, Am. Soc.C. E., has 
furnished the author drawing and description needle-dam the 
river Piabanha Petropolis, Brazil, belonging the Cascatinha 
Cotton Mills. This dam closely resembles the first Poirée dams built, 
but has one distinct improvement. This the handles the needles, 
which are straps iron bent over the heads and bolted through from 
the upper the lower side. The trestles are spaced 3.28 ft. between 
centers and are ft. high. needles are 1.97 ins. 3.55 ins. and 
7.87 ft. also differs from other dams that the sill not 
sloped fit the incline the needle, the latter touching the 
top only. 


There are twenty-seven needle dams the Belgian Meuse which 
comprise the principal improvements and modifications made, 
the date their construction, 1875-8. The description here given 
taken from memoir published the chief engineer the system, 
the late Martial Hans, 1880, entitled Memoire sur les Travaux 
Canalization Meuse entre Namur Frontiere Frangaise,” kindly 
furnished the author Hans, son the engineer. 

General Description.—The works include lock and movable dam 


composed navigation pass and weir separated pier. Some 
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the dams are located above the lock and are connected with 
paved dike, while others join directly the lock wall. The locks are 
410 ft. long from out out and have clear width 39.33 ft. and 
available length 328 ft. The depth water the lower miter sill 
6.9 ft. The upper and lower sills are the same level. The navi- 
gable pass consists floor masonry and concrete, surmounted 
iron trestles and wooden needles, and 150 ft. length. Its sill 
placed ft. below low water, The weir 179 ft. long and 
has its sill ft. higher than that the pass. The floor masonry 
and concrete, and supports wickets maneuvered from foot-bridge. 
When these works produce pool 10.17 ft. above the pass sill. 

those dams situated above the lock and connected therewith 
earth and gravel dike, paved all over with stone, there the 
end the pass abutment masonry and concrete. ft. 
long and ft. wide and stands 13} ft. above the sill. 

Trestles.—Trestles, movable around lower axle parallel the 
current, and placed 3.93 ft. center center and standing 11.48 ft. high 
from the floor the under side the collar the movable bar, con- 
stitute the framework the pass. They are 8.36 ft. wide the base 
and 4.76 ft. the top. The frame thus formed welded wrought- 
iron bars, double brace the same kind iron held the frame 
horizontal binding pieces and reaching from the bottom the 
down-stream post the top the up-stream post, serving make 
rigid. held the bottom piece thin iron bent 
around the axle and bolted the top two recessed and swelled con- 
nections firmly joined means quoin fitting between the cap 
the trestle and the top the brace and fastened bya bolt. 
proper surmounted the up-stream side hollow tube and 
the down-stream side iron post, each which 19.70 ins. high 
and attached the trestle. The axle which supports the floor 
the service-bridge connects these uprights, thus raising its height 
13.12 ft. above the masonry and 19.70 ins. above the water the 
upper pool. The weight the trestle just described, without 
floor, escape bar, chains, 800 the floor weighs and 
the bar The total weight including chains Journal- 
boxes, which the axle the trestle turns, are fastened the floor, 
the one stream being let into the sill, and held screws and 
bands, and the one down stream being bolted the stone. They 
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weigh and 200 lbs. respectively. The lower box opened and 
flared upwards allow the easy introduction the journal and closed 
the down-stream side vertical back which receives the shock 
the trestle and prevents the latter from yielding the force the 
water. key inserted transversal openings made the cheeks 
the box hold the journal its place and this key can placed 
without the aid diver. 

sheet-iron floor connects the trestles and holds them rigidly 
together, revolving around axle one end, and the other 
terminating two double claws, flared the shape deer’s foot, 
which grasp the cap the next trestle, and are held position 
two small keys. The floor 3.60 ft. wide. Connections are made 
with the pier and abutment, lock-wall, bars similar the cap 
pieces fastened the masonry. Maneuvers the trestles are made 
follows: When desired lower them sufficient lift the 
floor (after having removed the keys), and push them toward the pier, 
when the trestle will fall gently upon the masonry below, its motions 
being retarded the action the water upon the sheet-iron floor. 
The raising the trestle done the help portable winch; 
facilitate this maneuver all the trestles are connected chains 
suitable lengths which are made fast the ends each piece 
floor, and which may attached means aring and toggle the 
middle the cap the preceding trestle. The operation raising 
begun the lock abutment end, the winch being first fastened 
the masonry bring the first trestle. When this one 
place, and the floor properly attached the masonry, the winch 
moved it, and the second trestle raised, its chain having been 
brought the surface the first one; the operation repeated, the 
foot the winch-frame resting the cap the one that precedes it, 
until all the trestles are place. 

The chains used for raising the trestle are divided into two parts, 
one which fastened trestle and the other the floor the 
adjoining trestle. When the trestles are lowered, these parts 
are united. They are separated when the trestles are standing, 
they would otherwise interfere with the escapement the needles and 
the turning the clamp-bars. The escapement device (invented 
Kummer 1845) described follows: thetop each trestle 
just above pool level, iron bar, movable around vertical axis 


formed tube welded the trestle very nearly the prolonga- 
tion the upper post; the other end this bar rests against 
vertical rest-post (poteau-valet) placed inside the tube the pre- 
ceding trestle; when this position the movable bar forms the upper 
support the needles whose lower support obtained from the pro- 
jection the sill above the floor. 

The rest-post, against which the free end the movable bar 
supported, cylindrical for the whole height the tube which 
enclosed, except the part that corresponds the end the 
movable bar; this part notched and has the form half-cylinder. 
The tube also notched leave free passage for the end 
the bar the preceding trestle, and the same thing, for the same 
reason, true the rear end the collar each movable bar. 

The head the rest-post, which projects above the tube, square, 
and turned wrench when desired let the needles go. 
The movement azimuth limited quadrant set-screw 
which travels slot cut the tube. This screw prevents vertical 


movement the post also. The movable bar provided with pro- 


jection its lower side which strikes the trestle, and limits its 
rotation degrees. 

Tests iron for the trestles developed the fact that rectangular 
cross-section the best. Channel and T-irons were put together 
various ways, but showed less strength. Those selected sustained 
force 638 lbs. applied the base the tube, and this without 
springing the frame permanently out shape. 


The maximum normal 
strain the trestle 409 lbs. 


Needles.—The needles are made from red Riga fir. They are 12.3 ft. 
long and uniform width. They are ins. thick the point 
maximum pressure, and ins. each way therefrom. They are ins. 
the bottom and ins. the top. The head the needle handle 
ins. long, ending ball with viewto handling. provided 
with eye, through which passes the maneuvering rope which holds 
all the eleven needles the bay. These eleven needles form set 
series. knot one end the rope holds the eye the 
first needle. The other end tied the down-stream leg the 
trestle. The needles weigh each and withstand test three 


times great that which they are subjected the dams 
maximum lift. 
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When desired remove the needles the rope any series 
attached main hawser which tied one end the pier shore, 
then the Kummer escapement turned, allowing the needles the 
series escape. They are carried below the dam and prevented from 
floating away the rope. 

The needles are placed hand. The dam-tender grasps the 
needle the head, slides horizontally the proper position, and 
allows strike the current, which carries into place against the 
sill and clamp bar. 

wickets are used the weir. There 
trestle foot-bridge above the wickets from which the latter are raised 
and lowered and the height the pool regulated. There are thirty- 
nine wickets ft. ins. high ft. 3ins. wide. The space between 
consecutive wickets 4ins. may closed board low 
water. When up, the tops the wickets reach the level the upper 
pool. 

The horse supporting the wickets quadrangular shape and 
made wrought iron. The upper and lower cross-pieces extend be- 
yond the uprights, terminating journals. The lower ones work 
cast-iron boxes the sill, and the upper ones wrought-iron boxes 
which are bolted the upright timbers the wickets point 
slightly above the lower third. The cap the horse has two wrought- 
iron flanges through which runs bolt which joins the prop the 
horse. The wicket has two axes rotation, one the top, the other 
the bottom the horse. The prop rests against cast-iron hurter 
when the wicket raised. When the prop removed from its sup- 
port, the pressure water against the wicket forces fall. 
lies flat and held few inches from the floor projections therein, 
and the prop and boxes, order allow the tripping bar work 
under it. 

The wickets the Meuse are provided with flutter-valves vannes- 
papillon. They are set the central portion the chase, and when 
open they form angle 45° with the wickets. The purpose these 
valves the easier regulation the pool. 

The weir lowered iron tripping bar, provided with projec- 
tions. These projections strike the props the wickets transversly 
succession, forcing them aside from the hurters. The tripping 
bar operated capstan wellin the pier abutment. The 
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end the bar provided with rack into which the pinion the 
gearing works. 

The wickets are raised from the floor portable windlass set 
the foot-bridge. chain attached the breach the wicket 
wrapped around the windlass, turning the wicket around its axes until 
the prop drops into the hurter (see ‘‘Chanoine Wickets,” for more 
elaborate description the foregoing). 

The wicket when upright permitted swing 21° around the 
upper axis. When the water rises ins. above the normal level 
the pool, the wickets swing. They remain the swing until the pool 
falls sufficiently allow them right themselves until pulled 
into place the hooks the dam-tender—an easy accomplishment. 
prevent the accumulation gravel and sediment the trip- 
ping-bar well, flushing apparatus for running water from the upper 
pool into the well has been devised. consists 4-in. pipe built 
into the masonry, provided the top with valve, and the bottom 
with grooved collar permits the elbow revolve 90° 
and reach all parts the machinery with stream whose velocity 
forces the débris out the well. 

Maneuvers.—To raise the dam after spring rise: The trestles the 
pass are first raised when the water has reached its normal level 
about ft. 2ins. above low water. Next, the trestles the weir are 
raised windlass. The wickets the weir are now raised, 
and kept the swing fastening each chase chain 
the river falls, needles are inserted sufficient maintain the normal 
level the upper pool, until the closed. The discharge 
now the weir; the -wickets still being the swing. the 
stream falls, the wickets begin right themselves spontaneously, and, 
later, the dam-tender pulls the balance into place with his boat hook. 

The flutter-valves still remain open, and the discharge becomes 
less, these are closed pike pole. Finally, the joints wickets and 
needles are covered; reducing leakage minimum. 

The regulation the pool done the during 
low water. When freshets run out, the wickets swing pressure 
water chase. The freshet continues until all the wickets 
swing; sets needles are allowed escape sufficient keep the 
pool near its normal level. The bays are removed systematic 
alternation, prevent scour. 
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When the lower pool rises within ins. the upper, all the 
escapements are turned. The trestles are let down and the wickets 
are lowered with the tripping bar. Last all the trestles the pass 
are let down. 

Results.—All wicket dams must lowered sooner and raised 
later than those the Meuse model. Thus Hun and Houx 
the Meuse were lowered twice between April 17, 1877, and Nov. 
1878, and they remained down seventeen days all. The all-wicket 
dams Plante, Tailfer and Riviere the Meuse the same 
period were lowered five times and were down one hundred and six- 
teen days. The former also tighter dam. 

The cost per running foot will average about $100 for the fixed and 
$40 for the movable parts for the pass, and $70 for the fixed part and 
$75 for the movable parts the weir. 

Escapements.—The most important improvement far made 
needle dams Europe is, without doubt, the application the 
trestles the method escapement needles invented 
Kummer, that time Chief Engineer the Meuse Improvement 
the Province Liege. has worked with great satisfaction for over 
fifty years. the use this invention alone has become possible 
employ needle dams high lift abroad, will always easy, 
whatever the lift the length the needles, open the dam; for, 
this system, the pressure the water the upper pool which 
makes the needles fall, and carries them below the dam. 


Hans says this connection that, the new dams 
actual use, process construction the Meuse, above the 
village Riviere, create pools with depths 10.17 ft. the sills 
the navigable passes, which more than obtained any needle 
dam France, are convinced that have not reached the limit 
which these dams will cease work properly and easily, providing 
always that the trestles supplied with the Kummer 


Increase letter Malézieux, dated September 
30th, 1876, the same engineer has the following remarks make: 


‘ably chosen and exercised, could carry and place position needles 


suitable for pool 13.12 ft. above the sill. 


can answer this question the affirmative. This answer results 
from the experience acquired maneuvering our high-lift trestle 
dams. These dams have, you know, actual lift 10.5 ft., and 
yet the needles these dams are carried and placed position with 
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such facility that convinced that their dimensions could 
notably increased without departing from practical conditions. 

will add that needles for pool ft. have long been use 
your country the old dam Pontoise. fact, the following 
from report Chief Engineer Kummer his investigation 1845: 

Pontoise dam consists pass ft. wide; (2d) 
oblique, fixed part 262.4 ft. long, reaching the right-hand wall the 
pass; and (3d) another fixed part more up-stream, and the right 
island. The pass walls are 17.22 ft. high. The floor the upper 
end has recess 4.75 ft. deep. service-bridge two beams con- 
nected iron straps, 3.93 ft. wide, rests sill fitted ‘into recesses 
made the face the walls. This sill 4.1 ft. below the crest 
the walls and 13.12 ft. above the floor, height which corresponds with 
the height average rise the Oise. serving close the 
opening, rest against the up-stream edge the and the 
lower recess the floor. These needles are 14.76 ft. long and 4.75 ins. 
square. the upper part each needle isa hole. order dis- 
engage needle from its points support, the lock-keeper inserts 
lever this hole, and, pressing down block wood which 
has placed the service-bridge, raises the needle until re- 
leased from the lower recess and carried off the current. But, 
the head the needle retained rope, brought back up- 
stream and there fixed. The opening thus carried out, needle 
needle. The closing done hand. The lock-keeper employed 
December, 1845, was one-armed, and, nevertheless, made the open- 
ing minutes, regards the raising the needles, and the clos- 
one hour. This dam has worked perfectly for nine years. The 
needles the Pontoise dam should weigh about the pool 
13.12 ft. had counter-pressure down stream, the needles this 
dam would strained little more than those ins. square used the 
dam Martot for poolof 9.84ft. This strain exaggerated even for 
first-rate pine, and such case would expedient increase the 
section the needles.’ 

build needle dam, with 13.12 ft. pool and down- 
stream pressure, would give the needles shape uniform strength 
that used for needles the dams Hun and Houx. 
These needles would 15.25 ft. over all, including the handle; ins- 
wide throughout, and ins. thick for distance ins. each 
side the point greatest pressure. This thickness would re- 
duced 32$ ins., even ins., towards the two ends the needles. 
The weight such needle would about and would 
lighter than those that the one-armed lock-keeper Pontoise handled 
with ease. 

should add that river like the Meuse would propose the use 
needle dams with 13.12-ft. pools, only condition that there should 
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added wicket weir sufficient length (spillway) regulate the 
pool ordinary conditions without making necessary maneuver 
the needles too frequently. Without this condition should fear that 
needle dam this height would not tight. The trestles, also, 
should fitted with the Kummer escapements, for not think 
possible any other means take out quickly enough needles ins. 
wide which take the pressure from 13.12-ft. pool. 

persuaded that, with the use regulating wicket-weir 
suitable length and trestles with Kummer escapements, can 
avoid, even with 13.12-ft. pool, all the drawbacks generally cited 
against needle dams, and especially the fault leaking. practice 
the dam Hun has pool 10.43 ft., with down-stream pressure 
from 1.96 2.30 ft., and the screen needles this dam rendered 


perfectly tight grass weeds and thin coating mud, which 
the water has brought 


THE UNITED 


Big Sandy River.—The original purpose this paper was 
describe the new needle dam Louisa, Ky., the Big Sandy River. 
order compare with dams this type abroad, was necessary 
touch upon the Poirée needle dams France, where they origi- 
nated and have been extensively built, and Belgium, where they 
have been considerably modified and applied greater lifts. com- 
parison with its principal competitor, the Chanoine wicket, then 
seemed desirable, that the scope the article widened ad- 
vanced. After this much had been done, did not seem fair omit 
mention other types movable dams use, and, finally, was de- 
cided briefly take all forms applied proposed, far 
known; but the chief object the paper—the description the first 
American needle dam—has not been lost sight of, and will now 
described considerable length. 

This dam was completed and opened for public use January Ist, 
1897, and has been successful operation.throughout the past year. 
Its design radical departure from those Europe many par- 
ticulars. The needles are very much wider and heavier, the style 
trestle much lighter, and its construction much cheaper, and the 
methods operation both trestles and needles are entirely new. 
The head water sustained considerably exceeds that any movable 
dam the trestle wicket type known tothe author. Many new 
features minor importance were introduced the design, most 
which were for the purpose simplifying the maneuvers. 
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The plans the lock were prepared under the direction the late 
Colonel William Merrill and Major James Cuyler; the lock ma- 
sonry and part the stationary dam were built under direction 
the late Major James Post; the original project for movable dam 
was decided upon board engineer officers, consisting 
Colonel William Craighill, Past-President Am. Soc. E.; Major 
Lockwood and the late Captain Thomas Turtle, and the plans 
were prepared and the substructure built under the direction Major 
Lockwood. Later, board officers, composed Colonel Amos 
Stickney, Major James Gregory (since deceased), Major Lock- 
wood, Captain Hiram Chittenden, and Lieutenants Craighill 
and William Harts, Assoc. Am. Soc. E., reported upon cer- 
tain modifications the plans, which seemed advisable, and new 
plans for the superstructure were prepared and executed under the 
direction the late Major James Gregory. The author has been 
local supervision the work since its inception. the prepara- 
tion the drawings, calculations and translations French works 
upon the subject, well the construction itself, the author desires 
acknowledge himself greatly indebted Messrs. Watt 
and Watt, assistant engineers. 

The description following substantially report* the author 
the engineer officer charge, made after the works were com- 
pleted, with such omissions and additions seemed advisable, and, 
while quite long, yet not seen where anything can omit- 
ted and still convey complete idea the construction the works. 

probably not out place state that the author recom- 
mended needle dam for the pass, and wickets for the weir, and that 
majority the last board reported favorably upon this combing- 
tion. the first board had recommended needles for the entire dam 
and two members the last board were favor the idea, the Chief 
Engineers, General Craighill, who had been member the first 
board, and who had given the matter much thought and had investi- 
gated the subject movable dams thoroughly, having been charge 
those the Great Kanawha for many years, decided upon needles 
for both pass and weir. 

There was precedent for this, but neither was there for the lift 
adopted, and the engineers this country wait for precedent, 


Report the Chief Engineers, United States Army, 1897, 2534. 
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probable that movable dams will continue applied, they 
have been for fifty years, only small heads. 

Location.—The lock and needle dam which have recently been com- 
pleted and put into operation the Big Sandy River, near Louisa, 
Ky., are situated just below the junction the Levisa and Tug 
Rivers, which, uniting this point, form the Big Sandy, which 
empties into the Ohio miles north the junction. The Levisa 
navigable steamboats during good part the year for distance 
100 miles, and the Tug for miles. Beyond these points (and all 
along these streams during low water) push-boat navigation usually 
carried on, that may said that there generally means 
transportation for local freights year, except periods 
extreme low water, which are usually short duration. 

Character River.—These two streams with their various tribu- 
taries traverse mountainous territory, the soil which greatly 
impregnated with sand, which conditions are favorable frequent 
and sudden freshets carrying large quantities sediment and débris, 
which often become source trouble and danger navigation, 
particularly the Big Sanly itself, where the backwater from the 
Ohio reduces the velocity the current, and causes the formation 
sandbars and snags. The steep slope and the porous nature the 
soil are unfavorable the retention water for the dry season, and 
the low-water discharge becomes quite small. The system regula- 
tion and maintenance which these streams are made navigable for 
portion the time, insufficient for the increasing demands 
commerce, and only canalization that they can rendered 
even fairly satisfactory, and even then evaporation and leakage may 
partially defeat the objects view. 

Conditions Satisfied.—The greater portion the present com- 
merce timber, either rafts, crossties, staves spokes. There 
large undeveloped coal field which expected will greatly increase 
the river trade, and the principal object the improvement instituted 
the construction this dam, for the transportation this coal 
the Ohio, where can find market. determining the character 
dam built was necessary consider the present and pros- 
pective demands this commerce. construct stationary dam 
would make imperative for everything pass through the lock. 
This would most injurious the timber There are 
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times when rafting tides are infrequent, and hundreds rafts are 
awaiting sufficient water reach the Ohio. Even when the long 
delayed rise comes, may short duration. such cases 
delay few days the lock might mean the failure reach the 
markets along the Ohio and Mississippi during whole season. The 
same argument applies the transportation coal barges. The 
formation pool will give ample depth water which load 
the coal fast mined, and harbor for holding the barges. 
then ready out the Ohio whenever there the necessary 
depth below the dam. There are many summer rises wherein this 
depth only lasts short time, and should necessary pass the 
barges through the lock, the delay doing might sometimes pre- 
vent their shipment well retard rafts awaiting lockage. Another 
difficulty overcome was the accumulation sand the quiet 
water the pool. Should bars form points where the depth 
water was already barely sufficient for the requirements navigation, 
the improvement would worse than useless. The great amount 
drift afloat every side also rendered probable that snags would 
readily form the pool and endanger the safety navigation. 

Original Plan Improvement.—The original project was for 
masonry lock with fixed dam made timber cribs filled with stone, 
such are built many small rivers. The project and the causes 
leading its adoption are thus given Major Wm. Merrill, Corps 


great deal good the rafting interests can done 
continuance the present method improvement, but radical 
improvement possible without the construction locks and dams. 
The large deposits excellent coal this river will undoubtedly 
some day lead the establishment system slack water order 

amount shifting sand that continually flows down the Big 
Sandy indicates beyond all doubt that the only way secure per- 
manent improvement the construction movable dams, com- 
mencing the mouth and extending upwards points where the 
moving sands have become manageable. permanent dams are built 
the lower river, the sand deposits will ultimately reduce the depths 
available for navigation, but with succession such dams there will 
such reduction slope the pools will, spite the sands, 
maintain the channel greater depth than now found the 
natural river during the season low water. other words, per- 

Report the Chief Engineers, 1879, 


hi 
| 
q 
= 
q 
: 
| 


104 THOMAS MOVABLE DAMS. [Papers. 


manent dams will notably improve navigation when first built, and 
this improvement will gradually diminish, but the ultimate depth for 
navigation will always greater than now, and this extent the 
improvement will permanent. 

are built, all danger from deposits sand re- 
moved, because the river will free during all stages over ft. 
now, and the sands will washed down stream just they 
are now. The only objection the immediate construction mov- 
able dams that they are much more costly per foot lift than fixed 
dams. The greatest lift from pool pool present (1879) practicable 
with movable dam ft., while even ft. not excessive 
with fixed dam. 

method which would view all the 
stances connected with this river, build series fixed timber 
dams with masonry locks, with view ultimately turning the fixed 
dams into movable ones. 

accomplish this would take ft. the lift each fixed 
dam. This would make necessary when these dams were made 
movable, interpolate new movable dam between each pair trans- 
formed dams. this system were carried out, when became neces- 
sary make the changes would only lose the cost the timber 
dams, the masonry locks would used connection with the 
movable dams. The total cost the system would only slightly 
increased, and would have the advantage the immediate use 
the cheaper system, and the additional advantage testing actual 
experience whether not fixed dams would answer, which them 
would answer and which would not. 

special commerce the Big Sandy that now needs assist- 
ance coal mining, interest that fully deserves national aid, the 
whole country along the Ohio and Mississippi interested having 
cheap and reliable supplies coal. The present greatest drawback 
coal mining the Big Sandy the lack any pool deep water 
which loaded barges can stored during low water. The first 
work, therefore, that should undertaken the creation pool 
that will benefit the mining interests, and many others 
can accommodated. 

evident that the proper place for this dam just below the 
junction the two forks the Big Sandy and the vicinity the 
town Louisa.” 


Work under this project was begun 1883 and carried forward 
intervals under various small appropriations for several seasons, re- 
sulting the completion the lock, abutment and part the fixed 
dam, when, 1891, the project fixed dam was abandoned and 
that for movable dam substituted.* 

Report Chief Engineers, 1892, 2102. 
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Modified Plan was these special and difficult 
conditions which the first place caused the project for stationary 
dam abandoned, and the second place led the modifications 
the plans the movable dam after considerable progress had been 
made its construction. The result that the works finally com- 
pleted not present that unity appearance which should ex- 
pected structure built original plans, and the cost has been 
greatly increased the numerous alterations and delays. 

The plan improvement finally agreed upon was lock the 
ordinary pattern and movable dam with navigable pass having 
ft. its sill and weir having ft., both closed needles supported 
against trestles. 

Choice System Movable Dams.—In choosing system mov-. 
able dams which would most nearly satisfy all the conditions found 
upon this river, study was made existing works like character 
this country and abroad. The navigable rivers France, with 
single exception, the are improved with movable dams, several 
systems being use. The needle dam Poirée and the wicket 
Chanoine are the two principal types, however, but the Desfontaines 
drum-wicket, the Girard hydraulic shutter, the Boulé gate and the 
Cameré curtain are all use, also type known the overhead 
bridge dam which all the supports, when not use, are pulled 
bridge spanning the stream. form dam, curtains are 
used for holding back the water, although other means closing may 
used. 

Belgium the needle dam favor, and has been greatly im- 
proved over those France. Russia, quite extended application 
the Boulé gate has been made, and needle dams are also much liked. 
Prussia, the overhead bridge dam, with gates instead curtains for 
closing, has been applied. Germany, there are some drum-wickets 
great use. the United States, there was but one type, the 
Chanoine wicket, either the original form modified Pas- 
queau the Mulatiére dam France. The bear-trap, the pioneer 
movable dam, and American invention, has been neglected long 
tried under such unfavorable conditions, that was scarcely men- 
tioned the discussions movable dams few years ago, although 
capable, least with little assistance from another type, be- 
ing made successful streams small the Big Sandy, and probably 
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for those much greater width. addition the types mentioned, 
several other forms have been designed and suggested. Some these 
have elements promise; they have practical application, 
they were not seriously considered the study. deciding between 
the systems proposed use, the following points are consid- 
ered for dam this point: 

(1) The unprecedented lift sustained (except bridge dams). 

(2) The sudden and unexpected rises. 

(3) The great amount drift carried. 

(4) The unusual quantity sediment traveling. 

(5) The great difference level between high and low water. 

(6) The small low-water discharge. 

The high lift was considered unfavorable the use needles; the 
sudden freshets any form requiring much time for maneuvers, like 
the Boulé gates Cameré curtains with trestles; the drift and 
sediment any system having trestles; the height high water and 
the banks bridge dams and the small discharge the river 
wicket-dams the Chanoine type. 

Bridge dams and gates and curtains being considered impracticable 
for this location, least constructed abroad, and the bear-traps 
being looked upon with favor for river where any dam con- 
sidered more less experiment, the choice was narrowed down 
the Chanoine wicket Poirée needle, and was finally decided 
build dam sustaining considerably greater head than that 
which had been attained the high needle dams the Belgian 
Meuse elsewhere, far known. 

Composition the foregoing general remarks upon 
the location, conditions, plans and projects, more complete descrip- 
tion the details the various parts the works will now given. 

The works constructed comprise the following: 

lock the right West Virginia bank, ft. wide, 255 ft. long 
over all; navigation pass, next the lock, 130 ft. long; weir, 140 
ft. long, separated from the navigation pass pier ft. wide and 
terminating abutment ft. ins. wide the left Kentucky 
bank. 

The total length foundation masonry, including the width lock 
chamber and walls, and omitting wing walls, about 400 ft., about 
the original width the river the level the top the lock walls. 
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Lock.—The lock, which sandstone masonry, the stone being 
taken from local quarries, 255 ft. length, with distance between 
quoins 190 ft., and ft. width. The walls stand ft. above 
the lower miter-sill level. The chamber faces the lock walls are 
vertical and cradle-faced; the outer faces are each 
course and are pitch-faced masonry. The ends are also pitch- 
face, and are vertical. The bases the land wall, and that part 
the river wall adjacent the chamber, are ft. wide, and those parts 
the river wall about the gates, and above the upper gate and below 
the lower one, have base ft. The coping along the chamber 
ft. each wall, while the larger portion ft. ins. 
the river wall, and ft. the land wall. Wing walls project from 
each end the land wall into the bank. 

The lower miter-sill was placed ins. below the low-water mark 
1883, and the upper one ft. above the lower. The gates are wood, 
the miter pattern, and are operated hand. The cost the lock, 
including everything properly chargeable, was $120 371.81. 

Dam.—The successful working movable dam depends con- 
siderable extent upon the height its sill and the length ofits water- 
is, the fixed parts should cause very little fall over their 
crests when the movable parts have been taken out; otherwise naviga- 
tion will interfered with the stage just preceding that which 
necessitates the raising the dam. 

The dam this place divided pier into two parts, the 
navigation pass and the weir. The purpose the former, its name 
implies, accommodate navigation, while that the latter for 
the passage surplus water. The pass 130 ft. long with its sill 
about ft. below the low-water line recent years, and the low- 
water mark 1883. The weir 140 ft. length, and its sill ft. 
above that the pass. The normal height the pool ft. above 
the pass sill. 

Fixing the Dimensions.—The considerations which led the adop- 
tion the dimensions given the parts this dam, are set forth 
partial report made Major Lockwood the Chief Engi- 
neers, dated March 1893, extract from which follows: 

the Big Sandy subject sudden changes and rises 


various heights, which frequently run out very short time, 
important that the character the construction the dam such 
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that can operated rapidly and within certain limits rises, 
without interruption communication between the banks. 

The dams the Meuse have foot-bridges raised ins. above the 
normal level the pool, that slight rise will not flood it, and 
thus cut off communication across the river. These dams, however, 
have the pass fully closed needles, the weir being furnished with 
Chanoine wickets. This plan would hardly work the Big Sandy, 
the low-water discharge would not sufficient supply the leak- 
age, even with the joints between the wickets covered; certain stages, 
also, there considerable drift the stream. And this would not 
pass the weir with the wickets bascule; while the case weir 
closed needles, these can removed and many trestles, next the 
abutment, may found necessary, can lowered permit the 
drift pass. 

The type dam adopted for the Big Sandy similar that em- 
ployed the Meuse for closing the passes. The trestles, however, 
instead being forged out iron, with rectangular cross-section, 
are built joined gussets and rivets. different escape- 
ment for the bar supporting the upper ends the needles has also 
been adopted. The trestles are spaced ft. apart between centers. 

The dam divided into two parts, separated pier: the navi- 
gable pass, through which the commerce the river will pass when 
the natural stage sufficiently high, its sill being placed at, below 
the level the highest natural obstruction the river, and the weir, 
the sill which placed considerably higher than that the pass. 
One the functions the latter carry off the surplus water, be- 
yond what required maintain the pool, least for stages 
the one which the natural river navigable, and when the dam can 
lowered entirely. 

determining the length sill pass, the conditions that de- 
termine are, that shall present opening that can readily run 
rafts and tows the kind that can navigate the Big Sandy 
descending, and steamboats going stream, while considerations 
economy require that shall short possible, consistent with 
the service required it. 

satisfy the first condition, thought that the pass should 
have opening During the season 1891, the lowest water 
recorded was 1.25 ft. above the low-water level the time the lock 
was built, and the discharge, 100 cu. ft. per second, would indicate 
close approximation lowest water. With the gauge reading 1.25 
there were from ins. water the principal shoals, 
concluded that the sill the pass placed the level low 
water, originally determined, 0.75 ft. above the lower miter-sill 
the lock, will satisfy the condition not being 
obstruction. 


fir 
spc 


Papers. THOMAS MOVABLE DAMS. 109 


The elevation the sill the pass being determined, well 
its length, the next question settled the difference level be- 
tween the sills the pass and weir. the head-bay and gate re- 
cesses would liable sand up, and deposit sand occur the 
partially dead water below the lock, should the gates closed while 
the pass open, the area discharge through the lock may taken 
into account the determination the height the sill the weir, 
this elevation results from consideration the discharge the 
river, and the area discharge through the pass and lock the 
stage which just covers the sill the weir, with the conditions sup- 
posed that the swell head produced the partial contraction dis- 
charge area, shall not seriously interfere with naviga- 

During the season 1891, discharges, areas discharge, and 
mean velocities were measured through two rises. The first reached 
height 11.15 ft., July 25th, and the second height 15.45 ft. 
August 25th. 

discharge and mean velocities deduced from observations 
made during the rise August 25th, taken account its greater 
range, and also because the discharges for stages the probable 


elevation the sill the weir are greater than those obtained the 
first case, are follows: 


Stage. Discharge. Stage. Discharge. Mean 
Feet. Cubic feet. per second. Feet. Cubic feet. per second. 
5 8 318 2.72 11 12 585 4.06 
§ 4 810 2.99 12 14 338 4.21 
9 9 3.56 15 20 850 4.71 
525 15.45 500 4.70 


Assuming value 0.5 ft. for the swell head, the question then 
determine the maximum stage the river, the discharge corre- 
sponding which will pass through the pass and lock without causing 
increase depth water above the dam over that below the dam 
exceeding 0.5 ft. This will give the elevation the sill the weir 
above the sill the pass. 

determine this the Chanoine formula used, wit 

discharge river per second; 
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water below dam above sill pass stage this 
case; 

height water below dam above sill weir; 


any stage Hthe discharge through the pass will 

the upper 1.25 ft. higher than the sill 
65) For V=2.72 ft., and the 
equation becomes .703 845 8.02 735 cu. ft., which 
considerably greater than the discharge corresponding 5-ft. 
stage. Making Hin the formula equal ft., becomes equal 
2.99 ft., and there results 1027 8.02 
678, for the discharge the lock and pass with swell head 0.5 
ft. Zbeing taken equal 0.5 ft., and the sill the weir being ft. 
above that the pass, 6-ft. stage the discharge over the weir 
.45 8.02 Taking equal 140 ft., the discharge 
over the weir becomes equal 180 cu. ft. per second, that the 
quantity water that can pass the dam per second, the lock gates 
being open, without producing greater swell head than 0.5 ft., 
858 cu. ft. The discharge the river corresponding 6-ft. stage 
4910 cu. ft. per second, that the swell head corresponding 
this discharge would but little excess 0.5 ft. 

determining the length the weir, the following conditions 
must satisfied: 1st. The area discharge afforded the weir 
must sufficient, when taken connection with those the pass 
and lock, permit the passage discharges corresponding all 
stages the level the top pier and abutment, without causing 
greater swell head than 0.5 ft. 2d. The discharge area the weir 
should sufficient pass all discharges corresponding stages 
that which the natural river navigable, without the removal 
any needles from the pass. may stated, however, that the 
second condition will satisfied length weir that will satisfy 
the first. 

determine the length the weir, the elevation its sill being 
fixed, the formula Chanoine, modified take into account the 
discharge through the lock used, wit: 


for its value already determined, 130 ft., the formula becomes 
becomes equal ft., and the formula becomes 209 
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129.3 


high stages, the formula Chanoine and Lagrene* 


mean velocity before construction works, discharge area 
river before construction works, discharge area after con- 


struction works and 1.5is constant for cases 
where the lock gates are open. Transforming the above equation and 
substituting for and their values 64.3 and .5, respectively, there 


results 1.5 For the highest stage observed 


260 sq. ft. 008.5 sq. ft. 9.45 whence 132.4 ft. 
the stage that would just cover the pier and abutment 16.5 ft., 

thought best fix the length the weir 140 ft., particularly 


the rises the Sandy during the summer are generally quite sudden 
when the Ohio apt low. 


With the sill the pass low-water level, and 130 ft. long; the sill 
the weir ft. above that the pass, and 140 ft. long, for the 8-ft. 
stage becomes equal 0.53 ft. for the 9-ft. stage less than 0.5 
ft., and when the pier and abutment are submerged will not exceed 
0.5 ft. appreciably.” 

Innovations.—The arrangements proposed the foregoing report 
were maintained, except that, instead adopting the design trestles 
proposed, another, requiring less height sill for its protection, was 
used. This form trestle does not superpose, requires but little depth 
recess, and has not heretofore been applied. This change plan 
was brought about the discovery that the recess below the pass-sill 
was constantly filled with sand, gravel and stones, and was believed 
would impracticable keep sufliciently clean properly 
maneuver the trestles. 

The new form trestle suppresses the axle and diagonal bracing 
the old and gives decided inclination the posts and permits the 
trestles lie one within another when down instead piling 
each other Thus that sill sufficient height 
protect one protects all, and very shallow recess answers the pur- 
pose and greatly reduces the liability sand up. 
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The method maneuvering the trestles was also changed from 
that general use. the maneuvers trestles, heretofore 
erally practiced, chain attached each trestle and crab moved 
along the foot-bridge, winding the whole length chain order 
raise the trestle. best this slowand laborious. The new method 
connects all trestles continuous chain which, when wound over 
chain-wheel crab located the lock wall, will successively bring 
the trestles into position the winding very short length 
chain. 

There are several modifications the original designs the trestles, 
made with view reducing the time maneuvering, but they are 
little importance and will not specially mentioned here. 

meet the unprecedented conditions needle dam depth 
pool ft. the sill with very little down-stream pressure and 
with the chance the head being increased ft. times the 
sudden appearance freshet which might materially raise the 
level the upper pool before the dam could lowered, was 
necessary provide needles much greater thickness and width 
than are use elsewhere. order handle needles this size 
the old method placing hand was out the question, and 
was necessary devise new method. This was accomplished 
placing suitable machinery boat, which boat used store- 

house for the needles when not use. 

Character Foundation.—The dam founded sandstone, vary- 
ing depth below low water from ft. the lock wall ft. the 
abutment. The material overlying this rock was largely sand and 
clay, but the part underlying the weir was covered with 4-ft. layer 
gravel and small boulders. The rock was rather soft top and 
places shelly and filled with coal seams. The soft and shelly parts 
and coal were all removed, and the bed prepared was fairly good 
foundation upon which build. 

substructure concrete and sandstone 
masonry. the pass ft. and the weir ft. wide the 
coping. The pass masonry averages about ft. height, and the 
weir about ft. Immediately overlying the bed-rock placed 
layer concrete, varying thickness, but averaging about 
this bed concrete, and near its up-stream and down-stream edges, 
are built two parallel masonry walls. The space between these walls 
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filled with broken stone within ft. the coping, and above this 
concrete, and the whole coped the top receive the super- 
structure. Toward the up-stream side the masonry raised and sill 
fastened for the support the needles and the protection the trestles. 

Trestles.—The pass closed and the weir steel trestles 
spaced ft. between centers. These trestles terminate eyes the 
bottom and are connected journal boxes pins. The pass trestles 
are high and weigh 140 lbs., and the weir trestles ft. 
ins. height and weigh and have base ft. 103 ins. and 
ft. ins., respectively. The width top ft. ins., and the floor 
walkway The trestle frame made 4-in. steel channels, 
weighing 7.25 lbs. The up-stream post single. 
stream post made two pieces, set apart and trussed. These two 
channels are close together the bottom and diverge toward the top, 
that one them comes the up-stream post the level the 
connecting bar, above which point riveted the up-stream post, 
and the other goes the top the trestle. 


They are assembled 
gusset plates and rivets. 


The frame thus formed connected two 
horizontal braces, made angle-iron and riveted the outside. 
suitable frame for carrying the floor also riveted the outside 
the main trestle head. The bar which forms the upper support the 
needles, and connects the trestles with one another when all are 
standing, hinged vertically the pool level, swing hori- 
zontally. The opposite end formed into hook, its up-stream 
side, which engages with lip projection the next trestle. 
held this position crank-shaped rod, known the jack-post, 
which may turned from the walkway wrench when desired 
let the bar swing free, the hook end passing through the space 
formed bending the post. When use, the post held from turn- 
ing latch, which raised out when the wrench dropped over 
the head the post. 

The trestles are connected the top with sheet-iron floors, hinged 
and falling The opposite end hooks into the next trestle 
two points, and latch moved the foot holds each section 
position. Thus the trestles are rigidly connected two inde- 
pendent constructions, and there still third, the maneuvering 


chain. The cost oftne trestles and their connection with the masonry 
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frame bolted into the head each trestle combined ratchet 
and chain-wheel turning horizontal axis. Over this wheel, chain 
passes from one end the pass the other; there also similar 
chain for the weir. One end each chain fastened, the case 
the pass, the trestle nearest the pier, and the case the weir, 
the trestle nearest the abutment. The other ends these chains are 
wound chain-crabs located respectively the lock-wall and 
the pier. means pawl dropping into the ratchet, the rolling 
the chain-wheel may stopped, and when this occurs the trestle 
attached the chain and the winding the crab will move de- 
sired. For instance, desired lower the trestles. First, the sup- 
port bars are all released; then the floor section the end trestle 
unhooked and the crab turned backward the trestle, being pushed 
away the attendant, pulls the chain goes down. When has 
proceeded, say ft., the pawl the next trestle dropped the at- 
tendant and thus becomes attached the chain. The releasing 
the floor locks the pawl the ratchet that cannot come out while 
the trestle down. 

proceed with the lowering, the floor section again released 
and second trestle starts down. more chain unwound, other 
trestles are attached, and several will thus under way simultane- 
ously. Toraise the dam the chain wound the crab, rather 
over chain-wheel the crab, where falls intoa recess provided for 
it. The first trestle (being the last lowered) brought up, and the 
attendant, standing the wall, grasps the floor, which rests the 
chain, and raises few inches. This raising depresses the op- 
posite end the point the pawl and lifts out the ratchet, 
and thus allows the wheel turn and releases the trestle from the 
chain. The pawl held out the ratchet automatic device 
which drops under it. each trestle comes up, released from the 
chain the attendant standing the floor the last one raised and 
slightly elevating the end the floor-section just coming up. The 
floor-section then hooked the neighboring trestle while the crab- 
men are winding, thus the entire maneuver may performed with- 

out stopping the crab, and the winding ft. chain each time 
brings trestle into place. 

Needles.—The needles are white pine and are ins. width. 
The pass needles, ft. in. long, are ins. thick the bottom and 
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ins. the top, and weigh when wet about 263 lbs. The weir 
needles are ft. ins. long, ins. thick the bottom and ins. 
the top, and weigh about lbs. All needles are banded the top 
and bottom and have iron handles the top for convenience hand- 
ling, and suitable attachments for connecting chains place and re- 
move them. the sides the pass needles shallow groove cut 
found necessary prevent leakage any considerable extent. The 
cost the needles was 303.82. The pass needles when not use 
are stored boat built for the purpose. This boat provided 
with two overhead tracks carrying trolleys for lifting the needles from 
the piles and carrying them the end the boat when they are 
put the dam, and for piling them when they are stored. 
irons are counter sunk that the needles lie flat each other when 
piled. 

Drift Boom.—This river carries considerable quantity drift. 
While this usually comes stages water which the dam will 
down, yet there are times when arrives great quantities with the 
first indication rise. This happens when severe storm occurs 
some the neighboring creeks and causes freshet sufficient force 
break the tie and log booms the mouths these creeks. This 
drift menace the dam, and should come time when was 
necessary lower the dam, would interfere greatly with this opera- 
tion, not seriously injure even destroy the trestles. prevent 
such occurrence, boom has been built which reaches from point 
some distance above, and the opposite side from the lock, the 
crib the river wall the lock. the river makes pronounced 
bend the point attachment the boom, the boom little less 
than prolongation the shore above, and will readily guide the 
drift into the lock, where can locked through held till the 
dam has been lowered. construction the boom consists four 
parallel timbers bolted rigidly together and having rudders inter- 
vals ft. movement these rudders controlled wire 


which connects them all and wound capstan the ends 


the boom. Thus, setting the rudders any desired angle, the 
boom can held out the stream any point required. 

total cost the movable dam, including every item 
that should charged the construction pass, weir, pier and 
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abutment, was $73 697.74, $245.66 per this, the sub- 
structure cost $226.48, and the superstructure $19.18, per foot. 


various operations required maneuvering are 
follows: 

(a) Raising the trestles. 

Placing the needles. 

(c) Removing the needles. 

Lowering the trestles. 

explanation these maneuvers will now given, assuming 
that the various parts the dam are understood from the preceding 
description. 


(a) Raising the Trestles.—The raising the trestles may done 


‘two ways: (1) crab located the pier for the weir trestles, 


and the lock wall for the pass trestles; and (2) needle boat 
anchored above and raising the chain passed over sheave and lead- 
ing right angles the dam the drum the engine. the 
present time the latter method has been but little employed, suit- 
able engine has not been provided. 

the first method the chain wound two men the 
stationary crab the masonry. The chain passes over sprocket 
wheel and drops through hole the masonry into the recess pro- 
vided for the pass trestles the pier, and into the manhole the dis- 
charging culverts the lock. the chain wound in, brings 
the first trestle and starts others. When the first trestle nearly 
upright, the attendant, standing the masonry, lifts the end the 
floor section, which lies the chain, few inches, and this movement 
depresses one end the pawl and raises the opposite end out the 
ratchet the chain wheel. When the pawl and ratchet are separated, 
rigid connection between the trestles and. chain ceases, and the at- 
tendant can handle the trestle will without the crabmen stopping 
the winding in. hooks the floor-section into the place provided for 
the masonry, and fastens with latch moved the foot, and 
then, standing the bridge thus formed, brings the escape con- 
necting bar into place with hook made for the purpose, and turns the 
jack-post, which fastened the masonry, lock it. 

this time the floor the second trestle comes within easy 
reach, and repeats the operation slightly raising the free end, 
which releases from the chain. then hooks into the first 
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trestle and latches with the foot-latch. repetition these 
maneuvers, the trestles are all brought upright and connected with 
each other. When the last trestle has been raised, rolling bridge 
drawn out from recess the masonry and connected with it, and 
thus foot-bridge completed from one part the masonry 
another. will observed that, winding the length chain 
which the trestles are spaced, each trestle brought up. After the 
first one, which has sufficient length chain reach from the top 
the bottom the masonry, plus the distance from the masonry 
the head the trestle when down, the length generally 
that is, the trestles themselves are ft. between centers, and, 
this properly bring the trestles position. The time taken 
raise either pass weir trestles about minutes. 

(6) Placing the has been effected two ways, (1) 
from the boat, and (2) from the water derrick the boat. The 
first method was originally the only one attempted, but experiments 
have proven the second equally good and with much less work. 

(1) The pass needles are stored boat, and are constructed 
that they lie perfectly flat each other when piled, prevent 
warping and save space. Immediately over the piles needles, 
each side the boat suspended track which travels trolley. 
The needles are all stored with their heads one direction, toward 
the dam. about the center weight each needle ring. 
The trolley has over which passes chain having hook 
oneend. placing this hook the ring the needle, and pulling 
down the free end the chain, the needle will raised from the 
pile. Near the hook catch claw the chain, the purpose 
which hold the bight that part the chain pulled down 
raising the needle. Thus, the needle, after being raised, remains sus- 
pended, and pushing the trolley rolls along the track overhead, 
and out the bow the boat, the free end the chain 
lying idle the needle. The boat placed that its bow only 
few feet stream from the trestles, and when the needle brought 
the end the track its head projects over the foot-bridge. Here 
grasped the attendant stationed the trestles, and placed 
the support bar along side the last needle putin. The trolley track 
projects over the hull the boat several feet, that when the head 
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the needle its proper place the trestles, the butt foot 
just the bow. When all ready quick jerk the free end 
the trolley chain releases from the claw, and the weight the 
needle pulls the chain over the sheave. When the needle strikes the 
water the current carries against the sill, the force the blow 
being lessened the men holding the free end chain, thus allow- 
ing come its place gradually. 

When the strain off the chain the hook drops out the ring, 
and the ring drops into recess made for the needle. stage- 
plank projects about ft. from one side the boat parallel with the 
dam, that possible place about ft. dam, allowing 
the needles float out position without moving the boat. 

the placing the needles progresses, swift current develops 
around the wall constructed, and found necessary hold back 
the needle being placed, order prevent from moving along the 
sill. the iatest maneuvers the force the current was broken 
with great satisfaction. 

Fig. Plate II, shows the operation putting the needles 
shelves for simultaneous placing. After all the needles have been 
placed, the throwing trigger will release the shelves and they 
will revolve and simultaneously drop all the needles into position. 

Fig. Plate down-stream view pass trestles and needles. 

(2) the second method, the needles are left the river, instead 
being stored boat, and are lifted from the water light 
derrick, operated steam hand, the needle boat, and placed 
vertically, either swinging shelves suspended the up-stream side 
ofthe trestles, constructed frame resting the sill 


the bottom. 


placing the needles, every fourth one put its proper place 
against the sill instead these shelves frames. These act 
guides the others when they are let into the water, and the shelves 
frames themselves prevent the needles from being carried down 
stream the current, and striking top the sill instead above 
its shoulder. After all the needles have been placed the rest- 
planks frames, they are dropped into the water rapidly prac- 
ticable, and the whole dam before the head has appreciably 
increased. The shelves frames are then loosened and taken the 
bank. 
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Further studies are being made with view simplifying the 
placing the needles, and the experiments far made indicate be- 
yond doubt that all the needles can placed within few minutes 
after they have been gotten ready, without increasing the head 
beyond few inches, and that the only thing remaining decided 
the best means accomplishing this result. This can only deter- 
mined further experiment and study. 

Originally after the pass needles were placed, those the weir were 
putin. When the water was warm, attendant stood the masonry 
above the sill and placed the needles the bottom while another 
attendant held the head. the water was too deep cold for the 
application this method the needle boat could used, the 
attendant could stand light boat above and guide the needles into 
place, and, holding back, could break the force the blow when 
they struck the sill. present arranged, the weir needles are 
placed before those the pass and while there still some water 
the weir sill. This easily and rapidly done men standing 
the masonry above the sill and taking the needles from light boat 
directly out the river. The principal advantage this method 
that the closing the weir increases the current through the pass, 
and tends scour out deposit the trestles, which are not raised 
until after the weir completed. 

(c) Removing the Needles.—When rise approaches, the wickets 
the lock are opened, and when they fail keep the pool down its 
normal level alternate needles are repoussed; that is, the heads 
alternate needles are pushed stream and pins sticks ins. 
long placed between them and the support bars. This permits the 
escape great quantity water. When this fails keep the pool 
down, the weir needles thus standing out may entirely removed, or, 
indications point considerable rise, all the weir needles may 
removed the method explained further on. continuation the 
rise may necessitate the removal all the needles standing out 
the pass even the whole the pass, which process will now 
explained. 

Near the top each needle countersunk handle for use only 
removing the needle. chain much longer than the length the 
dam passed along the up-stream side the needles and connected 
hooks with these handles. There considerable length slack 
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chain between each pair handles. The end the chain fastened 
long line leading the engine the needle boat, which 
anchored well stream, crab the lock wall, shore. 
starting the engine crab the first needle pulled away from its 
support the top, and when has traveled the length the slack 
chain leading the next, the second started, and until all are 
removed and areafloat. This maneuver very rapid, the time required 
being simply that which necessary wind the rope the drum 
the engine. The boat anchored such direction that the needles 
float into the quiet water above the unremoved portion the dam. 

The original intention was adopt the escapement method re- 
moving the needles, and this can still used desired, but was 
found that the wide needles would greatly damaged, particularly 
the weir, allowing them fall down stream. The method em- 
ployed more rapid and less destructive the needles and every 
way more satisfactory. Were the trestles wider span, the escape- 
ment method would preferable, the weir, least, but the lack 
cushion water the masonry would often prevent escaping 
account injury the needles. 

Lowering the lowering the trestles, the last one 
raised the first start down. The attendant stands the foot- 
bridge and first unhooks the rolling bridge and pushes back into its 
recess. then disconnects the escape-bar the last trestle and 
throws around against its trestle and then unhooks the floor section, 
which falls the chain and rests there; gives push, and the 
man crab the same time slacks the brake unwind the 
chain. When the chain has run out about ft. the attendant throws 
the pawl the standing trestle into its ratchet and thus the descend- 
ing trestle stopped. The escape-bar and section this trestle 
are then released and the weight the trestle already under way pulls 
towards itself when the chain-wheel the crab allowed turn, 
thus paying out the chain. The operation throwing the pawl 
the ratchet again repeated, when the chain has gone far de- 
sired. repetition these maneuvers brings all the trestles their 
beds with their floor section resting top them. this manner 
four five trestles are descending simultaneously, and fast one 
comes rest another attached. The time required for lowering 
either pass weir about minutes. 
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the lengthening the chain, has been made possible lower 
each trestle separately, desirable, during heavy run drift, 
for other reasons. this case the chain can spaced beforehand 
and the operation lowering will consist simply releasing the con- 
nection between the trestles and allowing them fall, done with 
the old-style trestles, they can lowered with the crab, the pawl 
the standing trestle not being thrown into the ratchet until the 
trestle which being lowered comes rest. this case line 
pulling from the opposite end the dam would required start 
the trestle downward, but better solution would throw the 
pawl little before the descending trestle came rest. Its weight 
would then start the next trestle when released. 

Fig. Plate shows the operation lowering the trestles 
the weir. Fig. Plate view the weir trestles down. 

Results.—The dam has, this writing, been operation nearly one 
year. The early part the present season was one violent thunder 
storms and sudden freshets, which brought much driftwood into the 
river. About the last July drouth set which was unusual 
duration. The discharge the river became reduced less than 
cu. ft. per second. The pool has remained full all times, except when 
drawn off assist small craft below perform necessary work about 
the lock and dam. The greatest head far attained was ft. 
ins., and the leakage through the pass only 5.19 cu. ft. per second, 
and that the weir too small take into account, being but gall. 
seconds. 

trouble has been experienced with the pass; the needles have 
been removed and placed, and the trestles have been lowered, each time 
without difficulty any kind. raising the trestles the chain was 
broken two three occasions, caused heavy deposits sand 
the floors which form the foot-bridge when up. With one excep- 
tion this has occurred only the trestles which lie the pier recess. 
has been found impracticable leave the lock gates open ac- 
count the increase this deposit, due the greater discharge sec- 
tion and consequent reduction current velocity. closing the 


and erecting the weir some time before the water level reaches 


its masonry crest, considerable place through the pass and 
further trouble from this deposit anticipated. the pier recess 
the removal the floor sections, before lowering the trestles, will pre- 
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vent deposit sufficient weight break the chain. the weir 
there has been little trouble with drift, but was slight conse- 
quence. The raising the trestles and the removal and placing 
the needles done with the greatest facility. What difficulty there 
has been has arisen from permitting the trestles stand after the re- 
moval the needles the drift-laden torrent caused the release 
much water. The larger drift held back the boom, but 
small pieces, brush, etc., are drawn under the boom the increased 
current, caused opening the dam, and some this lodges against 
the standing trestles. With trestles wider span, and lowering 
the trestles simultaneously with the needles, most, not all, this 
difficulty can obviated. has not been practicable this, 
however, owing lack bank protection below the abutment. The 
opening the needles from the abutment end the weir causes great 
scour for some distance endangers the paving, that has 
been considered advisable make the first the dam the 
pier end. Thus was necessary for the trestles stand until all 
the needles were removed, when the lowering could begin the 
abutment. Even with this drawback, the total delay caused drift 
has not exceeded two hours the whole year, and but one trestle has 
been bent and only slightly. 

account the great quantity drift running this river, 
was originally proposed use wickets the weir, raised without the 
foot-bridge and lowered tripping bar; thus trouble 
would encountered drift lodging against the trestles now 
oceurs wicket dams operated from trestles. This arrangement, 
the light experience, would have been preferable, far dispos- 
ing the drift concerned, but the leakage would have been more 
than the entire low-water discharge the river, unless improvements 
could have been made over those now use. Either method has its 
objections and its advantages and neither wholly suited weir 
through which drift must pass. The only serious objection, outside 
the lodging drift the trestles, the difficulty replacing the 
wide needles under the full head after they have once been removed 
pass moderate rise, but even this not impossible and rarely 
necessary. The width weir needles can advantageously reduced 
without seriously increasing the leakage and thus assist materially 
this contingency. 
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addition the leakage, wickets would objectionable this 
weir because they could never put the swing for fear drift- 
wood lodging against the horses and thus complicating the maneuvers. 
Thus, pool regulation could not effected small rises with the 
certainty that can needles; but they have the advantage 
that they can raised against the full head water any time de- 
sired, and thus prevent too great lowering the pool passing 
small freshets. The author believes that the construction could 
altered greatly decrease the leakage and thus considerable 
extent eliminate this objection. Considering the untried methods 
necessary this dam, may said that the maneuvers have all been 
fairly satisfactory far. The dam has been operated one two 
instances under especially difficult conditions, and safe predict 
success under all ordinary circumstances which may occur. rapidly 
rising river, filled with drift, arriving night, snow rain, might 
complicate matters considerably, and change apparent success into 
certain failure, without warning. All precautions possible, except 
the construction telephone lines owned and operated the 
Government, have been taken provide against surprises, and re- 
sults are now awaited and difficulties met with courage and 
intelligence. 

The experience far gained with this dam, indicates that its opera- 
tion will least speedy, easy and safe that the wicket 
dams the Great Kanawha the needle dams the old type 
Europe, while this dam much less wasteful water than any 
these, which important item this and many other streams. 

Fig. Plate IV, view the Louisa dam from below, the 
Kentucky side the river. The pool ins. above the normal level 
and running over. The head ft. ins. from pool pool. The 
depth the sill ft. ins. 

Fig. Plate IV, view from the lower end the lock when the 
pool full. The difference level between the two pools ft. 
2ins. will seen that there leakage perceptible throughout 
the entire length dam, and that the water below quiet. 

modifications having view the disposal 
the drift, that is, setting aside certain part the dam for this pur- 
pose and constructing with that object view, the needle dam may 
become economical and safe means improving American rivers 
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all sizes and characters. this particular dam, improvements 
could made: providing drift chute for the passage small 
débris and for regulating the pool; increasing the spans the 
trestles that the escapement needles will facilitated and the 
passage drift the time opening the dam rendered less 
dangerous; widening the pass needles order consume less 
time placing them and also make their escapement less injurious; 
cutting off the needles pool level permit overflow, the 
same wicket dams have, and thus assist pool the 
ordinary stage the water. 

While these changes would beneficial the pass, yet they are 
not absolutely necessary. There little doubt that the form dam 
for closing the weir river similar this, with its great quantities 
drift and sudden rises, could advantageously changed new 
constructions; still the author not ready condemn needle weir, 
any means. The weir should capable rapid and safe opera- 
tion under the most adverse conditions. should not only pos- 
sible lower it, but also raise it, under full head water; for 
there are times when advantageous discharge rise over 
without lowering the pass all, and should raised again long 
before the pools above and below reach the same level. should 
practicable completely lower part for pool regulation and 
raise again the proper time without reducing the head below 
pool level. 

That this result may economically accomplished the proper 
construction and intelligent operation well-known forms dam the 
author has doubt. There has been use for nearly seventy years 
type dam which may applied for this purpose with great 
economy and assurance success—the Thenard shutter. The width 
the shutters must only such the power hand will raise, 
against the maximum head water, whether this narrow 
American needle wide Chanoine wicket. This power 
may applied the ordinary way from foot-bridge, maneuver- 
ing boat (the foot-bridge being lowered again after use), the 
maneuvers may take place conduit the masonry. The low- 
ering will, course, accomplished tripping device 
suitable design, operated from the masonry from the conduit 
mentioned. 
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That the same result may attained with the dam described 
further on, composed wholly trestles without needles, gates, 
curtains wickets, which the maneuvers are across the current 
from stationary mechanism, seems reasonable, and the bear-trap 
and drum wickets may called into play for this purpose, because 
the initial head can obtained raising the navigation pass first. 

strains the various parts the dam will 
now given. 

Pass Trestles.—Direct strains. the water ft. above the 
normal level the pool the total pressure each bay needles 

Taking moments about the sill find the pressure the sup- 
port bar connecting the trestles pool level, the distance the 
resultant pressure being 4.72 

ft. ins. 

The two down-stream pieces are rigidly connected and may 
assumed take equally the strain they bear, whence, graphics: 
Tension up-stream post 000 

Compression two down-stream posts 400 lbs. each. 


Stress up-stream post for 4-in. 8-lb. channel 


600 Ibs. per square inch. 
Stress allowable, about 000 lbs. per square inch net section. 


Stress down-stream posts 100 lbs. per square inch. 
With square and pin bearing the allowable stress for steel per 
ft. Oin. 


1.47 
Indirect strains are caused the maneuvers, sediment, suction, etc. 
When the pass trestles are down, deposit covers them and en- 

closes them the level the top the sill. may assumed 

that each post, being raised, must lift, for each foot its length, 

block material ins. wide ins. deep. Then ins. ins. 

ins. ins. 864 cu. ins. 0.50 cu. ft. Net weight sand 

water 110 lbs. 62.5 lbs. 47.5 say Ibs. per cubic foot. 

Weight posts and connections, say, Ibs. per foot run. 


Hence total weight post lbs. per foot run. 


— 
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Greatest length between supports 16.5 ft. Hence bending moment 


Now per square inch extreme fiber, 


distance from center gravity same fiber, 


4-in. 8-lb. channel. Compression strain due raising about 200 


600 lbs. per square inch for 


Ibs. per square inch. Total strain raising 800 lbs. per square 
inch. 

The actual weight one trestle head, with floor, escape-bar, 
with bottom trestle resting ground, Assuming that 
900 Ibs. the weight raised the chain raising according the 
diagram, then maximum pull chain 360 

Pass are ins. width, ins. thick the 
bottom and ins. thick pool level. Clear span 13.3 ft. Maxi- 
mum head Pressure per needle 1.0 ft. 13.3 ft. 6.5 ft. 

Maximum will found 7.5 ft. below pool level and 800 


600 300 ft.-lbs. 111 600 
Thickness needle this point From standard formula, 


For needle ins. thick lbs. per square inch. 
For needle ins. thick 875 per square inch. 


The leakage through the pass when the pool normal height, 
ft. above sill, with down-stream pressure 20.5 ft. 0.6 
ft. per second. Area opening with needles in. apart ft. 
ins. in. 0.138 sq. ft. Hence leakage per needle (or per foot) 
12.30 ft. 0.138 sq. ft. 1.70 cu. ft. per second. 

Hence total leakage between pass needles 1.70 cu. ft. 131 
222 cu. ft. per second. Lagrene’s formula gives the leakage 


lea 


ft. 
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about 196 cu. ft. per second. actual practice, there not the least 
leakage six eight consecutive joints, and safe state that 
water passes through less than one-third the joints, and even these 
may closed the use grass and weeds. The weir leakage 
amounts 121 cu. ft. per second the same formula. practice, 
probably never equals one-fiftieth that amount, and most this 
occurs between the sill and the needles where small stones sticks 
may have caught. With head ft. October 22d, 1897, the 
leakage through the weir was all collected the masonry floor and 
passed through small pipe, and amounted common water bucket 
full seconds, about gall. seconds. The entire 
leakage pass and weir was carefully measured the same time and 
found about 5.20 cu. ft. per second. The the entire 
river had that time been reduced the long drouth cu. ft. 
per second. The river below the dam then stood 10ins. the pass 
sill and the distance the level the upper pool was ft. ins. 


REMARKS NEEDLE Dans. 


Needles.—The two principal objections needle dams, lifts even 
high those sustained wickets, have been that the needles 
would too heavy for one man handle and that the leakage would 
too great. Both these objections have been overcome, the 
dam just described, the use needles handled machinery, and 
such dimensions make practically tight wall. The width 
the needles causes but few joints, and these are reduced the smallest 
space carefully placing them close together; the thickness depth 
being great advantage holding sediment, weeds, grass, etc., which 
are drawn into the joints. dam, while the depth water 
ft., the head sustained 11} ft., and may even be- 
cause there dam below hold the water certain height, yet 
the leakage can reduced almost nothing. 

Now, system dams, the head here sustained practically 
the same would dam with ft. the sill and ft. 
the pool below, and the author has hesitancy recommending 
such dam under certain conditions. 

High Lift Dams.—These conditions are: 

(1) The trestles should have aspan great their height, 
least sufficient enable one lowered independently the others. 
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(2) The trestles should provided with suitable escapements and 
appliances for placing the needles. 

(3) The needles should combination wood and steel iron, 
ft. width and great strength and stiffness. 

(4) regulating weir should provided whose closing apparatus 
should such can readily operated both raising and lower- 
ing, whole part, under the full head sustains. 

Wide-Span Tresiles.—The chief advantage wide-span trestles 
that they permit any trestle lowered any point the dam re- 
gardless any other trestle; second advantage that they allow 
most the drift pass through when the needles are being escaped, 
and even when lodges, the trestles are strong that can but 
little damage before can removed. The wide spans are also quite 
advantageous the escapement needles, because these cannot 
injured striking the trestles falling, like they can the narrow 
spaces. 

Escapements.—The best method removing the needles 
permit them fall down stream when there sufficient cushion 
water prevent their injury, and where the construction such that 
they will not damaged the trestles inflict injury these 
members themselves. For wide-span, high-lift trestles, the escape- 
ments which require the bar swing horizontally will scarcely 
practicable, but there doubt escape-bar can constructed 
either revolve, slide roll upward when released and permit the 
needles pass under it; hook chain connections can made 
which will support the tops the needles and readily disengaged 
when desired. The raising the trestles can easily accomplished, 
whatever their weight, within reasonable limits, and their upward pull 
the masonry can distributed effect injury. 

Placing Needles.—The placing needles great width can 
done with the greatest facility arranging them that all will drop 
into the water together. Suitable connections with the trestles can 
devised for this purpose. The needles may taken from the 
water light machinery boat, from any point desired 
small traveling crane running track the trestles themselves, 
and placed upright shelves supports arranged beforehand. 
These supports should constructed guide the needles into 
the shoulder the sill. When ready the simultaneous release 
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the support-shelves will drop all the needles into the water 
together. This method has had sufficient test indicate its com- 
plete success practice. has the advantage that the needles come 
rest without shock the sill, dropping they almost verti- 

Another method which has merit, although not yet tried, even ex- 
perimentally, consists placing the heads the needles the 
escape-bars and suspending the bottoms just above water from wire 
rope stretched across the pass. The needles are thus inclined 
stream. When all have been put position, both ends the rope 
are released and the current carries the needles against the sill. 
not certain that this sudden striking the sill will not injurious 
both the needles and the sill, although not believed that the 
force will sufficient any damage, and another method this 
line suggested 

the correct distance above the needles placed bar steel 
reaching the entire width pass. When down rests sill the 
level the pass sill; when rests legs small horses hinged 
the sill the bottom and the bar the top. These legs not 
become wholly upright, but stand inclined considerable angle 
facilitate lowering. The bar raised winding chain attached 
the end. When just above the water. The bottoms the 
needles are placed and the heads the escape-bars. When all 
have been placed the releasing certain fastenings several 
points will permit the bar revolve and drop the needles into the 
water, when the current will carry them against the sill. either 
case several needles should put place act guides, but not 
sufficient number materially increase the velocity the current. 
The bar then lowered slacking the chain. 

For the wide-span trestles, and wide needles mentioned several 
points this paper, the following method suggested: 

The trestles are connected suitable height with bars up- 
stream posts. The needles are placed horizontally nearly 
these bars, like wicket its horse, that when the up-stream 
ends are depressed they will come place the shoulder the sill 
revolving around the bars, which they are held suitable pro- 
jections hooks. Special needles above each trestle may first 
placed fill the spaces. The bars can removed when proper con- 
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nection with escape-bars above has been made. this method, 
which can also applied narrow-span trestles, the needles can 
righted more leisurely, Chanoine wickets, but advisable 
quickly. There difficulty arranging suitable appliances 
for simultaneous righting throughout the entire length the dam, 
simply placing the bars such level will make the butt the 
needle heavier than its top, and holding the top the under side 
another bar chain which, when released, will raised the up- 
ward movement the heads the needles their bottoms 
against the sill. 

Tightening Jacks.—The tightness and cheapness needle dam 
are its two chief recommendations. the use heavy hydraulic 
jacks the masonry ends the pass, applied soon the needles 
have been before the head has become much increased 
(and common jack-screws intervals along the dam wide passes), 
the needles can pressed closely together that leakage what- 
ever will take place between them. The author has used the common 
jack-screw for this purpose with great satisfaction simply standing 
out the heads needles intervals and inserting the jacks between 
those place. this manner was able completely close all 
joints within ft. either way from the jack with the great head 
ft. There should two stationary jacks each end the pass, one 
near the top and one the bottom the needles. Those the top 
need have but little power. All should placed recesses the 
masonry and connected with needles the recesses which would 
pushed out close the spaces made pressing the needles together. 
Jack-screws the common type may used intermediate points, 
desirable, with great advantage, the spaces they cause being closed 
joint covers narrow needles. 

Application Wide Passes.-—That wholly practicable operate 
very wide passes, such those proposed for the Ohio, closed with 
needles ft. wide and ft. high, with actual lift ft., 
the author has doubt. That such dam would preferable 
Chanoine wickets many respects, particularly those tightness 
and economy, also true. The new idea placing the needles 
simultaneously, coupled with the old one releasing them escape- 
ment, conspire render possible close passes any width with- 
out increased head, and open them, necessary, under full press- 
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ure. use wide-span, heavy trestles, which can dropped 
fast the needles are released, the danger from drift greatly re- 
duced, not wholly overcome. 

The maneuver lowering may rapid desired. Certainly 
this can done with far greater speed than with wickets without 
tripper. can even accomplished from the walls, without going 
upon the foot-bridge all, desired. The raising may require more 
time than for wickets, but this not certain. the use differ- 
ent form floor for the foot-bridge the accumulation deposit 
the trestles when down will not nearly equal that which now finds 
lodgment the wickets, and this way much time may saved 
the raising. advantage needle dams, not overlooked, 
the facility with which repairs can made; every movable part 
easy access. The width foundation for needle dam need only 
about one-half that wicket dam operated from foot-bridge, 
and, the cost largely the substructure, will much cheaper. 

Needles Below aythor has under way plans for high- 
lift needle dam which the needles are the down-stream side 
the trestles. The heads the needles are supported hooks at- 
tached the down-stream side the floor and the bottoms rest against 
shoulder the foundation. The supporting hooks are made with 
lever handles that they may readily disengaged either separately 
numbers desired. escape-bar is, therefore, not neces- 
sary. The down-stream posts the trestles may act part the 
dam the needles may entirely below the line trestles. The 
advantages this construction will apparent those familiar with 
the maneuvers necessary place and remove the needles, they can 
much more easily put with the trestles guide them and will 
not strike, become entangled with the trestles, when being taken 
out. The pressure against high sill the bottom also avoided. 
the author’s intention more fully describe and illustrate this 
idea the discussion, when the drawings will have been completed. 


CHANOINE WICKET Dams. 


The wicket dam invented 1852 Chanoine has had quite 
extended application. has undergone few changes, considering the 
number use, but the form hurter shoe, against which the 
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props rest when the dam up, was considerably altered Pas- 
queau 1879 the dam Lyons, France, and this modification has 
been applied America. The object this alteration was dispense 
with the tripping-bar lowering the dams, but French engineer 


has well said that this* one the greatest advantages 
the Chanoine system; suppressing the tripping-bar take away 
the power opening the dam few minutes the simple ma- 
chinery crab the bank, and spite any ice. fact certain 
dams the Upper Seine have been opened several times without 
difficulty and without damage when the river has been completely 
covered with ice, notable example being that the 25th Decem- 
ber, 1870, Port during the siege Paris.” 


History.—As the Poirée dam was developed from the old-time 
stanches and plank dams various patterns, the Chanoine wicket 
dam evolution another type. Gates with horizontal axes fixed 
the abutments have long been use. The valves used the dikes 
Holland turn axis near the top, and the date their intro- 
duction not known. They allow the water run off low tide and 
prevent its encroachment high tide. 

Cessart, 1808, proposed wicket whose axes should the 
lower third the height and the abutment. similar gate 
was proposed Frimot 1827. 

The dams the Orb (1778) were supported hinges fastened 
the floor the dams. Thenard then added the prop, hurter and 
tripping-bar, and the suggestion Mesnager, the counter-shut- 
ter was constructed him. The invention Chanoine (1852) 
placed the axis rotation near the middle the wicket, above the 
center pressure and the down-stream side. The wicket 
mounted the head horse trestle, upon which swings. This 
horse free rotate around its base, which hinged the floor. 
The wicket raised end-on the stream. Its thickness and that 
the horse and prop furnish the only resistence the force the cur- 
rent. When raised the wickets form the dam. They may lowered 
either the use tripping-bar boat-hook. These dams 
usually consist two parts, the weir and the navigable pass. the 
pass, the sill level with the bed the river. the weir, the sill 
considerably higher. The two portions the dam are separated 
pier and are furnished with abutments the banks. the earlier 
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times, the wickets were raised the use boat, but more recent 
dams foot-bridge Poirée trestle has been regarded better, al- 
though the pass the Davis Island dam, the Ohio River, 
maneuvered from boat, and has the advantage that there are 
trestles catch drift. 


CHANOINE Dams, PROPER. 


not considered necessary this point describe 
other than the movable parts wicket dam. Wickets consist 
three parts: rectangular wooden iron panel, capable being 
balanced counterweights horizontal axis, horse and prop. 
The horizontal axis the wicket generelly placed near the lower 
third the height the dam. When the water rises above the top 
the wicket certain height, the wicket tips the weight 
almost horizontal position. the level the pool lowered the 
pressure reversed, and the wicket closed. some the French 
dams, the wicket furnished with movable counterpoise. When 
the level the water becomes sufficiently lowered the counterpoise 
slides down the lower end the wicket, causing assume 
upright position. The use counterpoises not favor. 

the navigable pass the wickets are generally made not 
turn automatically. This would undesirable, for several reasons. 
These wickets are sometimes furnished with flutter-valves, 
which are made turn axis when the stream attains cer- 
tain level. They are intended regulate slight variations the pool. 

The portion the wicket above the axis rotation, called the 
chase; that below termed the breech. raised, the breech 
rests against the sill the floor. The axis rotation the wicket 
formed the head iron horse, which itself revolves around 
horizontal axis fixed the floor. 

The normal level the pool should give the required level 
water the miter-sill. has been calculated that, maintain the 
proper level, the pass and weir wickets should the same height, 
and should level with the upper pool when raised. some 
the wickets, either the pass the weir, are lower than others 
difficult maintain sufficient head water. 

The wickets are not constructed form tight joints one with 
such case any slight warping lateral oscillation 
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would render their operation impossible. space from ins. 
left between adjoining wickets. This facilitates operation, and 
allows the low-water surplus escape. desired conserve 
the water above the dam, may done nailing strips the 
edges the wickets inserting needles the joints. This 
operation may performed with safety from skiff from the foot- 
bridge. The joints the wickets the pass should closed first, 
because they are not likely swing, and because the leakage 
greater. 

The width the wickets arbitrary, but decreases with the 
height. The statical pressure proportional the product the 
width into the square the height. The rule should not-go far, 
however, abridge the width the horse, and, thereby, the 
stability the wicket. Haute Seine the wickets are 4.26 ft. 
wide for 6.56 ft. height, and 3.28 ft. wide for 11.80 ft. height. 

The material used for the panel the wicket may either iron 
wood. time, wood likely warp, rot, open. While 
iron cannot objected these accounts, has the disadvantage 
greater cost, and not losing its weight water. hence 
more difficult maneuver. 

When raised, wicket supported the horse, which stands 
vertical, and the prop, which inclined down stream. The wicket 
inclined down stream angle not exceed degrees. 
foot the prop tripped, and moves down the slide, the horse 
turns round its axis and falls the floor asa continuation the 
prop. The panel falls top the horse and prop, and protects 
them from the action the current and from floating bodies. The 
panel should fall cushion water formed the lower pool, and, 
does not, likely broken injured the shock. The 
wicket supported wrought-iron prop, the foot which rests 
against cast-iron hurter which fixed the floor. This hurter 


consists inclined plane, trapezoidal form, 13} ins. long, 
ins. wide the base, and ins. the top. provided with lugs 
the oblique faces ins. thick, and projecting The front 
the inclined plane, ins. high and ins. wide, terminated one 
end lug the inclined plane which projects angle 45°, 
and the slide with lug ins. high. Between the 
oblique lug the cast-iron shoe, this reaches the girder which 
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bears the tripper 1.44 ft. stream. The total length the slide 
ft., that the end the prop does not leave when lying down, 
but curves one side. The hurter and the slide form two pieces 
united tenons. The hurter placed that the middle the 
inclined plane, and the middle the end the slide are plane 
normal the wicket and containing the axis the prop. When the 
wicket lowered the tripper pulls the foot the prop into the slide, 
floor. When the wicket raised, the foot the prop follows the 
vertical plane over the top the inclined plane. held upon the 
plane two lugs. When right angles the front, falls the 
shoe and position. 

Tripping-Bar.—To lower the wickets tripping-bar used. 
the floor the wicket exceeds 1.64 ft. above low water, the tripper 
unnecessary, and the props are removed The tripper has 
many are props. the pass exceeds 100 ft. width, 
the bar divided into two parts, which join end end and work 
opposite directions. They are operated two windlasses, one the 
abutment, and one atthe pier. The bar should about ins. wide 
1.18 ins. thick. the lower end terminates rabbet, paral- 
lel the props. carries tongues 2.36 ins. wide underneath, and 
serving guides. Each tongue has hole pin prevent the 
bar from rising. The tripper made lower the first shut- 
ters, one one, and the later ones four atatime. The 
guides tripper are two iron rods, parallel and horizontal, 4.92 ft. 
long 1.57 ins. diameter. 

The whole arranged that the tongue, held the 
two rods guide, raised 0.40 in. above the girder. guide 
placed about every ft. carried bronze rollers 
ft. apart, twice the width wicket. The tripper extends 
about ft. into the abutment. enters through sheet-iron gate. 
Behind this gate vertical roller which directs the bar against the 
pinion the windlass. rack the end the tripper engages the 
pinion the winch-shaft, and held place vertical rollers. 

Maneuvers.—Raising the wickets may performed from boat 
angles the current and above the abutment. fastened the 
stern. The winch placed little aft, and the rope pays out through 
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pulley the bow. The wickets the weir are raised first. The 
bow the boat placed opposite the first wicket and line with its 
axis. The lock-keeper seizes the handle the wicket with boat 
hook. This iron rod ft. long and ins. diameter, fastened 
wooden handle ft. long and terminated hook, ft. above 
which rope about ft. long tied this ring 
and wound the other end around the drum the winch. When 
seizes the handle and then turns the winch the horse rises against 
the sill and the prop finally set the hurter. The pull should not 
too nearly vertical. The proper angle 45°, and the boat should 
anchored proper distance secure this angle. sure 
that the props are place, man below pushes the wicket forward 
with pole. When this man feels the shock the prop, notifies 
the keeper, who orders the winding stopped. 

The preceding operations are the only ones necessary when the 
axes rotation and the flutter-valves are arranged that the wicket 
raised automatically the current. Otherwise the pressure 
the chase greater than the breech, and the current switt 
necessary pull the chase with boat hook. When the pier 
reached, all the wickets the weir remain swung, and the river flows 
without interruption while the pass being closed. The wickets 
the weir are then closed. 

foot-bridge used must first raised, described the 
case Poirée trestles. The lock-keeper then brings all the props 
against their hurters fastening the breech chains the wickets 
the drum the winch and winding in. assistant, skiff below 
the dam, sees that the props are properly place. 

When the wickets are swung the lock-keeper fastens the chase 
chains the chain stops the trestles, keeping the wicket few 
degrees out the horizontal. right wicket the winch placed 
immediately opposite, and the truck carrying fastened the 
trestles hooks. The breech chain lifted from its stop and wound 
backward around the small drum the windlass. The chase chain 
attached large drum and wound in, and the wicket straightens 
into place. order that the wicket may not driven too violently 
into its place, the tightening the breech chain must not neglected. 

lower wicket when the dam provided with 
the dam-tender turns the windlass until all the wickets are 
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the floor. then draws the bar back its original position, 
readiness for the next operation. the bar out order, the 
dam not provided with one, and there foot-bridge, the boat 
placed about ft. above the wicket and parallel the current. 
assistant pulls the chase stream with boat-hook, take the 
pressure off the prop. Another assistant skiff pullsthe prop from 
its position with boat-hook. 

there bridge, the chase chain made fast the windlass 
and the wicket drawn stream slightly. The prop may then 
pushed out place. When the wickets are all lowered, the trestles 
are also lowered. More recent forms hurters permit the wickets 
fall without pushing the prop sideways. This accomplished 
pulling stream the wicket until the prop drops out the part 
the hurter which has rested into part having open channel. 
Then, releasing the pulling chain, the wicket will fall. This method 
use this country, but believed that fully good results 
would attained, least the smaller rivers, with properly con- 
structed tripping device, with the additional advantage that the wickets 
could thrown after ice had formed against the dam, not being 
necessary move the wickets stream before lowering. There are 
many times when the dam has lowered too soon this account, 
and much damage done loaded barges lowering the water 
the pool above. 

Port Anglais Dam.—The Port dam, located just 
above Paris, one the most complete. consists lock, 
navigable pass, weir and sluice. The lock the left bank 
the river. 689 ft. long, and 52} ft. wide inside. The inside 
length 590 ft. The water the lower miter-sill always ft. 
deep. The lock receives two rows boats 25} ft. wide. The old 
navigable pass 179} ft. from the exterior the lock the first 
pier. This portion the dam closed Chanoine wickets, each 
ft. ins. high ft. ins. wide, with space ins. between 
each. The sill this pass 6.65 ft. above the lower miter-sill 
the lock. operated boat and tripping-rod. The weir 
1244 ft. from pier pier. closed wickets, each ft. 
high ft. ins. wide, after the pattern Chanoine. 


foot-bridge trestles, supplied rolling windlass, operates the 
wickets. 
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The sluice 94} ft. from the pier the abutment the right 
bank. called the new navigable pass. Its sill 4.26 ft. above 
the lower miter-sill and 2.33 ft. below the sill the old pass. The 
upper pool varies from ft. ins. ft. ins. above this sill, and 
much ft. ins. above the lower pool. The sluice closed 
with Chanoine wickets ft. ins. high, ft. ins. wide. The 
wickets are modified some ways sustain the great lift. With 
weight 13000 lbs. against the upper surface each 
wicket, they must made narrow consistent with the stability 
the horses. ‘They are made two 8-in. 12-in. stiles, ft. ins. 
long, connected four transoms and strengthened iron straps 
and bolts. They are made water-tight tongued and grooved planks 
nailed between the transoms. space ins. between 
wickets prevent interference, and this may closed one 
several ways already discussed. 


The most advanced ideas, applied the general details con- 
struction wicket dam, may probably found the dam about 
described. Its designer, Pasqueau, not only changed the 
methods theretofore use for maneuvering wicket dams, but also 
made radical departures from established custom constructing 
the various parts. Hedoubled the span the trestles and suppressed 
their axle, well made numerous smaller improvements; and 
applied new kind hurter resting shoe for the prop the wicket, 
which was made possible lower the wicket without the use 
atripping-bar. This invention has since had wide application the 
United States, the Great Kanawha and Ohio rivers. 

Conditions Met.—The movable dam constructed Mula- 
tiére, 1879, located the junction the and rivers. 
Owing the peculiar condition met, all dams theretofore known 
proposed had been rejected. These conditions were met the 
system proposed Pasqueau and carried into effect this dam. The 
conditions were that the torrential stream, which rises and 
falls very rapidly, nearly always forced back-water into the mouth 
the and that consequently the rise came from below the dam 
instead from aboveit. pass must remain closed until the 
water the Rhéne reached the level the upper pool. The dam 
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must then opened very rapidly, prevent the overflow the foot 
bridge. must also closed rapidly, prevent the level the 
upper pool from falling too low reason the subsiding the 
Rhone. necessary keep this dam the constant level ft. 
the sill, the obstructions flooded are near the dam. 
The dam within 500 ft. the St. Etienne Railroad Bridge, and the 
large and heavy freight boats navigating the stream must make 
turn between the bridge dam. piers would 
have been dangerous. Moreover, the dam had built with view 
sustaining great floods the and retaining 13.1 
ft. above the sill the pass. 

Chanoine wickets are used, but the feature 
the Mulatiére dam the double-stepped hurter Pasqueau. 
the use this hurter, the foregoing conditions were satisfactorily 
met. The tripping-bar was done away with. front the usual 
step (called the resting step) the hurter was provided with second 
step (called the sliding step). The face the sliding step vertical 
and forms acute angle with the axis the runway. wickets 
are used. Wood lasts only ten years. The panels are 14.3 ft. 4.6 
ft. They are formed two bars ins. in. and 2.95 ft. 
apart. They are covered plate-iron, projecting ins. be- 
yond the uprights, supported braces and stiffened angle-irons 
put the edges. flutter-valve ft. ft. built into the chase 
cane-headed pole from the bridge. 

The ordinary journal boxes the horse are not used. The lower 
axle the horse replaced journal box having three checks 
into which the lower eyes the uprights the horse the adjacent 
wickets fit. They are held place bolts. cast 
iron, from ins. thick, and lasts long the floor. 


steam 
windlass used maneuvering the wickets. 


The time required 
lower the whole dam hours, and raise hours. 


service-bridge used, with trestles 9.8 ft. apart. 


wide-span 
The trestles are 22.3 
ft. high, and when down they superpose only three ranks. The 
axle the old-style trestle superseded pin connections with the 
The bedding trench thus reduced from 
ft. 28ins. depth. Two axles the top each trestle enable 
the adjacent sections flooring lie end end, and decrease the 


journal boxes the floor. 
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depth the trench. The windlass carries guiding bar, which lowers 
each section floor, without shock, and holds firmly place while 
the trestle being lowered. The trestles are symmetrically built 
the form double St. Andrew’s cross and possess great rigidity. 
They not silt badly those which the up-stream leg 
vertical. The raising the wickets done asinany dam. The dam- 
tender pulls the breech chain until the prop falls into the resting 
step. then slackens the chain and rights the wicket. lower 
the wicket, draws the breech chain until the wicket swings, and 
continues draw until the prop falls into the sliding step. then 
pays out the chain the brake the windlass. The prop automat- 
ically slides obliquely toward the runway and into it, and the wicket 
falls without shock. 

The first advantage claimed for this hurter that obviates the 
use The greatest width pass that has been oper- 
given the pass this hurter used, each being complete itself. 
The pass this dam 340 ft. wide, with piers the stream. 


KanawHa Dams. 


The system movable dams the Great Kanawha River, the 
last which now nearing completion, furnishes the only ex- 
ample its kind this country. The description this improve- 
ment, written the engineer charge, Addison Scott, Am. 
Soc. E., and published the Government, abridged and given 
below. 

General Description.—The movable dams are the Chanoine wicket 
type, operated from trestle-service bridges. general features they 
are all alike, and are divided into pass and weir. Dams Nos. and 
were completed and put operation 1880, and were the first 
movable dams connection with slack-water improvement built 
America. Dam No. was completed 1886. Nos. and were com- 
pleted during the season 1892, and 9and 1897. No. near- 
ing completion. 

The experience with movable dams this river has, the whole. 


been very satisfactory. They are easily and rapidly maneuvered. 
the expense operation and maintenance but little, any, more 
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than with fixed dams, and they prove highly satisfactory the river 
interests. 

Advantages Over Fixed Dams.—The movable dams are kept 
whenever there not water enough the river for coat-boat naviga- 
tion and down other times. Their advantages over the ordinary 
fixed dams, for river like the Great Kanawha and having similar 
commerce, are decided; furnishing the benefits the usual slack water 
without its most serious drawbacks. With fixed dams everything 
must pass through the locks; with them navigation entirely sus- 
pended too, when the river near above the top the lock walls. 
With movable dams the locks are only used when the discharge the 
river small make them necessary. all other times they 
are down, practically the river bottom, out the way and afford- 
ing unobstructed open navigation. This great advantage all 
classes commerce, and particularly with coal, transported 
is, and empty barges returned large barges. More 
barges can, course, taken towboat, and much better time 
made all kinds craft open river,” when there water enough 
for such navigation, than when the stage discharge compels the 
use the locks. The movable dams being down high water, there 
comparatively little difficulty protecting the banks about the 
works from scour. this respect they also have considerable ad- 
vantage over the fixed dams. 

Modifications, Cost Operating, Etc.—Experience with the dams has 
naturally suggested improvements, and the last ones completed have 
considerable advantages over those first built strength and dura- 
bility construction, facilities for rapid maneuvering and cost 
operation and maintenance. 

The average cost operating and maintaining one lock and dam 
has been $2515 per year. This covers wages, supplies, repairs, in- 
cluding considerable addition the rip-rapping, and all expenses 
connected with the work. The entire cost during five years repairs 
one dam proper and all its apparatus, including paints, one 
the principal items, has been something less than $250, anaverage 
$50 per year. 

These dams are put four five men from seven 
twelve hours; the usual time being about eight hours. They are 
lowered with the same force about two hours. material 
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difficulty has ever been met with any the maneuvers. Four 
men are employed regularly each work, the same the fixed 
dams. raising and lowering the dams, one two extra men are 
often hired. 
Maneuvering the Dams.—The operation raising and lowering the 
dams may briefly described follows raising the pass the 
bridge first put trestle trestle, beginning the lock. the 
trestles come up, and with them the aprons that make the walk, the 
rails forming the connections and the winch-track are placed. 
raising the trestles the winch used means small top-crane 
and sheave. After the bridge the wickets are pulled one 
one with the winch and wicket chains until the props drop into 
the hurter seats. The wickets are not erected fast 
pulled up, but left ‘‘on the swing” (en bascule), that is, with the 
horse erect, the end the prop the hurter seat and the wicket 
horizontal position the top the horse. this position the 
water passes freely under the wicket. righted fast pulled 
the head water becomes great that the last wickets cannot 
safely handled with the winch. After being put the swing clear 
across, they are all rapidly righted. This done with the drum 
and brake the winch and wicket chain, the butt the wicket being 
held against the pressure the water and let against the sill without 
shock. lowering the pass the wickets are pulled stream few 
inches with the winch simple line and grab connection the top 
the wicket. This carries the foot the prop out the seat into the 
descending channel the hurter, when the grab disengaged and 
the wicket falls. After the wickets are lowered, the bridge put 
down. The maneuvers briefly described above refer particularly 
the navigation pass. The weiris maneuvered the same general 
plan, but the weir wickets, being smaller than those the pass, can 
raised lowered, put the swing, righted with full head when- 
ever desired. The maneuver the weir when the dam gov- 
erned the stage discharge the river, being kept wholly 
partly raised required regulate the surface the pool. pass 
wicket, for reasons given above, never lowered swung unless the 
whole dam down. 
Telephone Line, Equipments, action necessary 


maneuvering the dams and regulating the pools, and the different 
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works are connected with each other and with the central office 
Charleston, telephone. The lineis also extended Kanawha Falls 
give notice floods, and daily communication mail, and 
telegraph when necessary, had with Hinton the mouth the 
Greenbrier, miles above the Falls. 

light service boat, furnished with derrick, capstan, and cabin, 
required each movable dam assist the maneuvers and 
transport bridge rails, tools, complete diving also 
necessary each. 

the bank, addition the houses for the men, drum 
house and tramway handle apparatus and tools, carpenter 
shop, blacksmith shop, and are required. Such 
buildings, except the drum house, are use the fixed dams 


well. All the ordinary repairs are made the regular lock 
hands. 


Lock and Dam No. 7.—A brief description onelock and dam will 
suffice for all. located miles from the mouth the river and 
founded bed-rock and hardpan, tough, indurated clay, varying 


Lock.—The lock 342 ft. long between quoins, with clear width 
ft. the chamber. Thetotal length, not including guard cribs, 
411 ft. The walls, including concrete foundations, are from ft. 
31.75 ft. high; they are uniformly ft. above the top the miter- 
The maximum lift, when dam No. up, and the pools are 
full, about ft.; with No. down, the lift low water would 
about ft. 

The stone used yellowish and bluish gray, medium and fine- 
grained sandstone (probably the Morgantown and 
from three quarries along the river from one seven miles above the 
site. weighs about per cubic foot, and the crushing load 
2-in. cubes varies from 000 000 lbs. The chamber faces 
the walls are pointed-face ashlar, and the other faces generally, ex- 
cept the back the land wall, rock-faced ashlar. The chamber 
corners, quoins, sills and coping are dimension stone, bush-hammered. 
The interior the walls and the back the land wall and win were 
classified 

The gates are white oak, built without heel miter posts 
the main beams running through and the ends and center made solid 
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filling blocks, assembled with horizontal and vertical bolts and 
keys, and spaces planked. They are suspended the heel steel 
gudgeons, and top fastenings and anchorage, all below the level 
the coping. Each leaf weighs complete about tons. The lock 
filled and emptied valves the gates, each leaf having five cast- 
iron valves hung horizontally wrought frame. The net filling 
and emptying areas are each close sq. ft. The valves are 
maneuvered racks and pinions and the gates spars and capstans. 
The lock was built under contract that covered the lock complete, 
except the gates. included coffer-damming, pumping and bailing, 
and the furnishing all work and all materials, except the irons 
built the masonry, these irons being supplied the United States, 
and placed the contractor. The aggregate the contract was 
$160 

Dam.—The dam the Chanoine wicket type, operated from 
trestle service-bridge. divided into two main parts, the naviga- 
tion pass and the weir, ‘or into four parts beginning the lock, viz., 
the navigation pass, center pier, weir and abutment. 

The pass foundations all rest concrete, the latter extending 
bed-rock under the upper and lower exterior walls, and the 
wicket and trestle anchorage, and hardpan elsewhere. The 
foundations are ft. long, and down stream, between neat line 
walls. The surface apron the pass entirely masonry, 
except the wicket sill and the timbers for the horse and trestle boxes. 

The pass 248 ft. wide. closed wickets spaced ft. 
between centers. The wickets are oak with pine panels, framed 
and ironed. They are ft. ins. wide, the space between them being 
wide and ft. in. long. The axis rotation ft. ins. 
from the butt the wicket, and ft. ins. vertically above the top 
the sill. The tops the wickets stand ft. vertically above the 
sill. The inclination with the vertical 20°, and the lap the sill 
5ins. These wickets are few inches longer than any before built 
the river. 

The service-bridge the pass made thirty wrought-iron 
trestles, with attached aprons for walk and connecting rails. The 
trestles are ft. apart between centers. The floor the bridge 
ft. ins. above the center the bottom axis the trestles and ft. 
ins. above the top the wickets normal pool level. The trestles 
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are connected chains for use raising, the aprons forming part 
this connection, and have forged stops which fasten the wicket 
chains. The wickets and bridge are anchored rods and cast 
built the foundations, spaced ft. apart for both wickets 
and bridge. 

The masonry the down-stream wall the weir extends 
bed-rock, the remainder the foundations resting the hard- 
pan. The space between the upper and lower walls filled 
partly with concrete and partly with clay and gravel, the concrete 
being used about the anchorage and immediately under the surface 
masonry. 

The weir 316 ft. wide, closed wickets set ft. between 
centers. The wickets are ft. ins. wide (the space being ins.), and 
ft. The axis rotation measured the wicket ft. 
from the butt, and vertically ft. ins. from the top the sill. The 
top the wicket ft. vertically above the sill. The inclination 
with the vertical 20°, and the lap the sill fraction less than 
4ins. These weir wickets are from ft. longer than the 
older dams the river. 

The weir service-bridge made trestles, spaced, except 
ends, ft. between centers. general form construction 
like the pass bridge, the trestles having attached iron aprons, con- 
necting chains and stops for wicket chains, etc. 

The upper surfaces the weir foundations the Great Kanawha 
dams are little above natural low-water mark. account 
this, recent construction, beginning with Dam No. the surface 
made entirely masonry (except the upper guard stick and wicket 
cushions, both easily renewed), and the trestle boxes, wicket sill and 
hurters are fastened directly the coping wedge bolts. The 
wicket sill cast iron, made sections, with the horse boxes 
attached. The sill anchored rods and 

The foundations and masonry the dam were built contract 
that covered the work complete, ready for the wickets and trestles. 
embraced coffer-damming, pumping and bailing, and the furnish- 
ing all work and all materials, except the iron built into 
attached the work, these irons being furnished the United 
States and put place the contractor. The aggregate the con- 
tract, above, $118 215. 
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The estimate for the lock and dam complete follows: 


Irons built masonry 093 
$169 523 

Foundations and masonry dam......... $118 215 
Iron work anchorage and fixed parts 

work movable parts dam....... 700 
Diving apparatus and service boat........ 300 


140065 
Land site, buildings, engineering, superintendence 


Total $343 600 


Dams. 

The Chanoine wicket dam with Pasqueau hurters Davis Island, 
few miles below Pittsburg, affords the sole example wicket dam 
with wide pass America. Originally the movable part consisted 
navigation pass 559 ft. wide, and three weirs, 224, 224 and 216 ft. wide, 
respectively. Later, the first weir was shortened the construction 
drift-gap ft. width closed gates, and the pier 
between and the pass removed, that now the navigation pass 
719 ft. wide. The description here given compiled from one written 
the engineer charge, William Martin, 1886, and published 
Engineering 

General Description.—The Chanoine dam Davis Island the first 
series movable dams devised for the radical improvement 
the Ohio River. located miles below Pittsburg, and 
designed make slack water between the dam and Lock No. onthe 
Monongahela River, and the Allegheny River Thirty-sixth 
Street, miles above its mouth. 

The lock located the north side the Ohio. The distance 
between the gates the lock 600 ft., and the total width the 
lock The noteworthy difference between this and ordinary 
locks the employment rolling instead swinging gates, and 


the construction recesses for the reception the gates when 
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open. These recesses, slips, are built towards the shore, from the 
lock, distance 120 ft. The total length the river lock-wall 
689 ft. The wall ft. thick, and has height ft. above and 
ft. below the gate sill, making total height ft. The land 
wall (including the development the recesses for the gates) 169 
ft. long. 

The movable dam begins the river lock-wall, point 100 ft. 
above the lower lock-gate, and extends the abutment Davis 
Island. The dam 223 ft. long, and composed 305 wickets, 
divided into four sections. The main sills the weirs have the follow- 
ing reference that the navigable pass. Weir No. ft. above, 
No. ft. above, and No. ft. above. This stepping the sills 
was necessary order make the profile the dam conform the 
natural bed the river. 

Dam.—The floor the dam framed structure composed prin- 
cipally 12-in. white oak timbers, framed such manner 
form rigid combination. This framework was built the foun- 
dation the proper height, and the concrete built around the 
timbers, thoroughly imbedding them. the foundation thus pre- 
pared, and composed the concrete anchorage and frame structure 
referred to, the dam secured. The wicket anchor bolts pass 
through the timber structures, and through cast-iron box called the 
box forms the fastening for the lower axis the 
horse, and the chief connection holding the dam position. Each 
wicket composed horse, prop and panel, shutter. The 
lower axis the horse secured the horse box; the upper axis 
attached the panel near the center, around which the panel free 
rotate. The wickets, when position, are inclined down stream 
angle 20° with the vertical, the lower end breech resting 
against the main sill, while the upper end supported the upper 
axis the horse the prop, which rests against cast-iron socket, 
secured the foundation and called Thus the dam 
formed series wickets extending Each wicket 
ft. ins. wide, with space ins. between them. This 
space prevent the wickets from becoming foul with each other, 
which would prevent their free movement. The spaces, during very 
low stages the river, can closed, necessary, thus saving the 
water maintain the pool its full height. 
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The arrangement which each wicket held position and 
lowered the bed the river will may described sort fold- 
All parts when lowered assume horizontal position, and lie 
below the main sill, insuring safety from steamboats floating objects. 

The navigable pass worked maneuvering boat, made steel. 
The wicket winch located the center the boat, and the line 
from the winch, which the wickets are raised, changes its direction 
passing over steel sheave, mounted atthe bow. Eight outriggers, 
suspended the side the boat, serve double purpose, forming 
platform for the workmen and keeping the boat far enough from the 
face the dam permit the breech the wicket that being raised 
swing past the sheave its seat against the main sill the dam, 
the outer ends each the two forward outriggers buffer 
ins. thick, ins. wide, and ft. long, fixed, and rests against the 
wickets raised. These buffers have high and low position, the 
former for working low water and the latter high water. 
for the purpose keeping the point bearing the wicket below 
the axis rotation, prevent the wicket swinging when the pressure 
required raise wicket brought upon it. The line from the winch 
the boat has maneuvering pole attached its end, and the end 
this pole has hook with which the operator grapples the wickets. 
The location the wickest sought, can almost definitely fixed 
the one last raised; rarely has the hook cast more than twice. 

lowering the dam only necessary catch wicket the 
top, and draw forward until the prop drops off the inclined step 
the hurter, the wicket then released, and the pressure water 
against forces the prop into the downward channel the hurter, 
when the wicket falls gently, and without any shock, into its position 
the bed the river. 

dam this character now under construction this 
river, some miles below Pittsburg. have navigable pass 
600 ft. long, closed Chanoine wickets, operated from maneuver- 
ing boat, and three weirs the old style bear-trap, each 120 ft. long, 
separated from the pass and from each other piers which are 
located the maneuvering valves. The use compressed air for creat- 
ing initial head raising bear-trap gates will tried experiment- 
ally here, and probably lead plan for starting this sort gate 
without providing means for creating artificial head. 
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REMARKS WICKET Dams. 


Pasqueau given the same amount study 
improving the tripping-bar that expended encompass its aban- 
donment, probable that there would to-day wicket dams which 
could lowered ice and drift from the shore. 

the wicket weirs the Meuse and the dams between Paris 
and Auxerre, which have been operation for years, there 
has rarely been injury the tripping-bars, although they have 
occasionally caused slight delays opening, but serious im- 
pediment the complete lowering the dams. 

The ability rapidly drop the wickets from the shore simple 
mechanism after the formation ice the accumulation drift 
undoubtedly placed first among the advantages the Chanoine 
system, and, while may not practicable accomplish wide 
openings the same means adopted those less width, yet the 
same result may, the author’s opinion, attained the applica- 
tion different ideas. The tripping-bars use lie rollers the 
masonry floor, and have projections which successively engage with 
and move the props the wickets sidewise when the bar put 
motion machinery the pier lock-wall. The objection has been 
raised that the bars times become fouled stones, timber, etc., and 
refuse act. They cannot used for wide passes, because, 
necessary for the bar move about ins. order throw prop 
out place, plain that the number projections will limited. 
The custom first throw few wickets separately, then twos, and 
then threes, and on, the head becoming rapidly reduced after 
few wickets have been lowered. this way quite dam can 
thrown with single bar, and, two bars can used each 
opening, operated from machinery each end the opening, 
possible apply this style bar weirs 200 possibly 300 ft. 
width; but evenif they could made sufficiently powerful throw 
very wide openings, the objection their becoming clogged still re- 
mains, and the author led suggest possible solution which 
this objection, least, will have weight. 

This solution lies placing the tripping apparatus 
cally water-tight conduit the masonry, which conduit may 
pumped out flushed Without going into details here, 
may stated that believed that suitable apparatus can devised 
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and maneuvered from the lock-wall pier successively throw all 
the wickets rapidly desired. 

Prop and present construction prop and horse ren- 
ders wicket unstable, and the oblique traction necessary maneu- 
vering makes impossible place them adjacent. This may 
obviated more rigid connection between prop, horse and wicket. 
The necessity for sliding the prop sidewise out the hurter lower- 
ing causes this trouble, and method should adopted which will 
permit the releasing the prop without moving sidewise. With 
such arrangement prop after the plan that proposed the 
dam Janicki, construction, would best. folding 
prop, hinged the bottom and having joint below its head, has also 
been proposed. 

Hurters.—There are use: the original Chanoine Thenard 
hurter, which has 
against which the prop rests, 
and from which pushed 
sidewise tripping-bar 
into channel, down which 


descends; the Pasqueau 
hurter, which the wicket 
pulled stream until the 
prop drops lower step 


which, inclined wall, 

leads the descending chan- 
nel; and the Scott hurter which accomplishes the last result shunt- 
ing the prop into the descending chute inclined surface 
pulled up-stream. 

hurter designed the author and his brother (Fig. has been 
use trial wicket the Great Kanawha for the past years, 
where said work satisfactorily. this the wicket drawn 
stream, usual, until the prop falls over tongue hinged the 
hurter, when, releasing the wicket, the position the tongue 
reversed the descending prop, cover the prop-seat and 
carry the prop over. This admits rigid prop-head and requires 
only very narrow hurter with one slide. 

The shunting the prop sidewise may also effected wedge- 
shaped piece attached the side the foot coming contact with 
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lug, cast the hurter, the wicket pulled stream. The fact 
that the wickets must pulled stream against the great head 
water, all these forms, except the original, order lower the 
dam, serious drawback their use. The other fact that all, 
including the original and excluding the trial one mentioned, the 
prop must move sidewise order strike the downward slide, 
also objection having weight. hurter should designed that 
the pressure water the wicket would assist releasing the prop 
rather than have overcome when the time comes lower the 
dam, and that lateral movement the prop would required 
even possible. The solution this problem connection with 
suitably constructed tripping device can, the author’s opinion, 
satisfactorily attained with very simple appliances. 

Conduit Tripping Devices.—Against his former intention the author 
presents the following suggestions: 

Conduit.—Under the line the feet the props, when standing, 
small tunnel conduit reaching the whole length the opening 
closed, and connecting its ends with the upper and lower pools, 
and also connecting with vertical masonry. the open- 
ing valves each end the conduit, when there difference 
level the two pools, current can passed through for the pur- 
pose keeping clean. closing the valves, the contents the 
conduit may exhausted, when desired, pump located one 
the wells mentioned, that may entered for inspection. 

Wheel Hurter.—Shafts suitable size, such lengths may 
desirable, and having bearings intervals, are placed the conduit, 
and these shafts are keyed flat-faced wheels called hurter wheels, 
spaced the same distance between centers are the 
wickets. The top each these wheels projects through slot 
the covering the conduit immediately down stream from the foot 
the props, these members may rest directly against the wheels. 


One more cog ratchet wheels are also keyed each shaft, which 
when engaged with suitable teeth the tripping-bar, which bar also 
the conduit, will prevent allthe turning. Each shaft will 
have many hurter wheels desired throw wickets simultan- 
eously, that the disengaging the teeth from the ratchet cog 
wheels will lower many wickets there are hurter wheels that 
shaft, the pressure the prop turning these wheels and being car- 
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ried over their tops. The shaft, course, must placed 
slightly below the line pressure through the prop, that when the 
teeth the tripping-bar are removed from the cogs, the wheels will 
turn; but should not low enough bring unnecessary strain 
the shaft when locked. The cog-wheels will hooded not 
show above the surface; and neat fit practicable will made 
about the hurter wheels to, nearly possible, make the con- 
duit water-tight when being pumped. 

Sectional Tripping-Bar.—The tripping-bar made sections con- 
nected together with links which slide slots near the ends the 
guides and rollers. One end-section has rack which gears into 
pinion vertical shaft located the masonry well, above men- 
tioned, the top which has suitable gearing for transmitting power. 
The bar sections correspond length the shafts, and, when placed 
abutting each other, their teeth, which are preferably their top 
side, are their several cog-wheels. turning the capstan the 
masonry, the first section will move toward and the teeth will re- 
leased from the cog-wheels. This will allow all the wheels the first 
shaft turn and thus throw the wickets. The link connecting the 
first and second sections will then move the second section 
tinuation the winding the capstan, and its teeth will turn 
drawn out the cogs, which time the third section will started 
the tightening its link. continuation the winding will re- 
lease all the wheels and throw all the wickets. The bar then re- 
turned its original position reversing the movement the cap- 
stan, the links sliding the slots and permitting the several sections 
push each other. The teeth and cogs are shaped that im- 
possible not engage with each other. indicator will show when 
the bar sections are all their proper places. The sections are 
constructed that foreign substance can lodge the open space be- 
tween them when they are being removed. 

Lever this method the old-fashioned hurter used. 
Suitably pivoted the conduit are upright levers which project 
through the conduit covering alongside the props. The moving 
the long arms the lever one direction will cause the short end 
press against the bottom the props and push them out the seats 
into the descending slides. The levers can set and connected 
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throw simultaneously many wickets desired. the trip- 
ping-bar are brought contact with the levers succession accom- 
plish their movement. 

Lifting under the foot each prop 
vertical pin. The bottom this pin the conduit, where held 
rigidly place casting few inches above the end. When the 
tripping-bar set motion, suitably shaped projections must pass 
under these pins, and this they can only raising the pin and with 
the foot the prop, which lifted out its seat. The wicket 
thus deprived its support The hurter for this device need 
have but one slide, and the prop-head may rigidly attached the 
wicket. many wickets desired may lowered simultaneously 
this method, connecting the bottoms the pins. may 
also used connection with the pins desired increase the 
power. Arrangements for the reduction friction, and the shutting 
out reduction leakage when desirable, are made any con- 
duit device; the last mentioned the pins should material 
which will rust very little. 


Original Form.—The two principal types movable dam use 
have been described, and other forms less known will now taken 
and considered little space possible. 

The first these the Boulé gate which has had fair trial, 
France, Suresnes and Marly and other places, and Russia, and 
well liked. latter country the gates are mere planks 0.08 ft. 
wide, with pegs near the ends worked hooked poles. This dam, in- 
vented Boulé 1874, consists the substitution the ordin- 
ary gates hydraulic works for the Poirée needles. The Poirée 
trestles are used and all the mechanism the Poirée dam, with the ex- 
ception above mentioned. The gates are made slide vertically be- 
tween the trestles. They are raised and lowered one maneuvering 
screw jack, and are sent the store-house way the service- 
bridge, either upon the car carried the assistants. The gates are 
made small enough render them easily handled. They are attached 
the hoisting machine chains, which are constantly fastened 
each gate, pole boat-hook, hooked into the handle the 
gate; the latter being constructed like the handle Chanoine wicket. 
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The trestles must built close enough together sustain the 
weight without increasing their dimensions too greatly. The width 
from trestle trestle should not exceed 3.28 ft.; hence, the width 
the gates the same that the trestles. The height the gates 
should not great make them burdensome handle. 
this account each bay filled with several gates, one above the other. 
The essential feature this dam several rows rectangular gates 
arranged horizontally. 

Maneuvers.—To open this dam the procedure the same 
open the old-time stanches, that is, the top row first taken away and 
afterward the succeeding rows. the instant raising, each gate will 
support column water whose head equals the depth the flow 
over the top the dam increased the height the gate 
provided the gate clear the lower pool. the gate not clear 
the lower pool, the head will equal the total lift the dam, and 
will consequently very small. The upper row gates sustains 
less load than the lower ones. Hence more easily raised. When 
this row taken out, the level the pool drops, and the second row 
taken out under about the same pressure the first. the 
discharge above enough keep the level the pool its original 
height, the lower pool will raised, with the same result. The 
lowest row gates will under water both sides, and the press- 
ure will neutralized. The maneuvers these gates are always 
easy, the dam long enough prevent great overflow, and the 
gates are small. 

‘To close the dam the reverse order the foregoing used. The 
lowest row gates first let down. While the fall slight, the 
next row will put place. should easier close the dam 
than open it, the work will done against smaller head 
water. The maneuvering not all done one time, but successively 
according the amount discharge, that the duration the 
maneuver, while considerable, becomes immaterial. the river rises 
above its normal level, the gates are all removed and the trestles laid 
down. When the river recedes, the gates are replaced without allow- 
ing the stream fall below the normal level the pool. 


Dimensions and Arrangements Gates.—The breadth the gates 
determined the distance between the trestles, and should not 
greater than 3.28 ft. the height the pool increases, this width 
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should diminish. The height the gates depends upon the depth 
the pool, and the width and solidity the service-bridge. The last 
element limits the hoisting power the apparatus. high dams 
the trestles are stronger and closer together; therefore, the height 
the gates may increased and their number diminished. The height 
the lower tier gates may increased submerged and 
more easily raised. The total area gate should, rule, from 
sq. ft., and should not vary much from sq. ft. 

There advantage having the top the dam row 
very light gates boards which the dam-tender may place remove 
hand. They should from ins. width, and quite thin, 
the pressure light. During low-water these are sufficient 
regulate the surface the pool. one row boards not enough 
two may used. the board ft. high and ft. long and the 
0.66 ft. above them, then the load equals 280 and the 
board should weigh from lbs. and in. thick. Assuming 
coefficient 50% for friction, the force 140 lbs. required 
raise it. this too much exertion, lever can used. The 
lower gates may iron, but are better made wood, They 
are then lighter and more easily repaired. The gates are made 
planks, tongued and grooved, joined with double groove and false 
tongue sheet-iron. They are also connected vertical assembl- 
ing rod and rest their ends against two adjacent trestles. 

the gates are ft. wide and 4.25 ft. high, each gate will have 
surface sq. ft. the head 9.84 ft., the pressure will equal 62.5 
9.84x 17; that is, lbs. Therefore the thickness should 
0.27 ft., and thickness 0.33 ft. would answer for head ft. 
The gates are then thicker than the needles ordinarily used. 
opening the dam there about the same amount wood re- 
moved opening the Poirée dam. Allowing coefficient fric- 
tion 50%, force 227 lbs. would raise the gates under head 
9.84 ft. 

The trestles may constructed with grooves angle-iron from 
the sides which the gates are slide. Iron bars should 
ened the edges the gates, diminish friction. prevent jam- 
ming the gates the grooves, case warping, better 
have the shoulder the trestle open stream, and fasten the 
planks the gates together two angle T-irons the sides. 
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These rest against the upper trestle posts. This dam may height- 
ened any time the use planks. the trestles are not strong 
enough, they should replaced. The trestles should made with 
excess strength, with view heightening the dam desired. 
The Boulé gates have been used the deepest pass Port 
Mulatiére and part the Suresnes dam. 

Summary.—The advantages claimed the inventor for the Boulé 
dam over other systems are follows: 

simpler design and construction than Chanoine 
wickets. 

shows saving 30% over the Chanoine wicket system. There 
less linear surface necessary, thus saving the cost. 

The cost maintenance less than that wickets. 

The first cost about the same that the Poirée needle 
dam. 


The pool can raised higher than with the Poirée dams, and 
much more easily. 

The service-bridge can sufficiently high above the 
surface the pool out danger floods. Consequently the 
dam can opened time prevent overflow the bridge, 

fixed weir unnecessary, greatly reducing the expense. 

Regulation easy, and may conducted without rushing. 

easy communicate the amount discharge the stream 
telegraph telephone the dam-tender the dam thus 
advising him probable rise. 

10. account the even overfall along the whole length the 
dam, the bad effects scour and eddies are reduced. 

11. The overflow carries all drift away, thus rendering this dam 
more sanitary than others. 

12. may closed without waiting for the pool fall below 
its normal level. 

13. tight. The leakage very slight, thus rendering espec- 
ially valuable for summer water power. 

14. Thereis submerged machinery repair get out order. 

15. The maneuvers are performed easily and without danger. 

16. The level the pool may raised inserting boards the 
top the dam desired raise the pool only slightly; and 
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adding the height the trestle considerable addition desired 
made. 

urged objection this dam that requires too long 
maneuver it; but this has been claimed also advantage that 
prevents flushing. not so, the system escapements and 
flutter-valves obviates this objection. The time required re- 
move gate from two three minutes the top rank and from five 
six minutes the bottom rank. But the last maneuver rarely 
necessary. 


The friction the gates the trestles follows: gate 


the upper rank, 770 gate the second rank, 391.25 
gate the third rank, 570.33 Ibs. 

Experiments. looking the introduction ball-bearing rollers 
have been made the dam Marolles. The gates were 3.52 ft. long 
and varying height from 11.81 ins. With lift 7.21 
ft., the panels could placed taken out one man with the 
greatest ease. complete and interesting description these experi- 


ments may found the Annals des Ponts for April, 
1896. 
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Remarks Boulé Gates.—M. Janicki, 1876, applied this principle 
the Moscow dams, Russia, replacing the gates with planks 0.8 
ft. wide. These can maneuvered without crab, hooked pole. 
Pegs are placed near the ends which act guides the down-stream 
side, and handles the up-stream side. Instead resting the planks 
directly against the trestles, the Boulé dam, upright timbers, 
needles, are placed against the sill the bottom and against the tres- 
tles the top, and these are made support the planks. These up- 
rights posts are supported against the trestles, near the center 
pressure, suitably constructed frame (Fig. 4). 

While the method maneuvering simplified the reduction 
the size the gates, the objection still remains, the Boulé dam, 
that the lowering takes place too slowly for rivers liable sudden 
freshets; but carrying the idea Janicki little farther and intro- 
ducing another feature, the author believes excellent form dam 
may obtained; applicable, least, wherever needles can used. 
This consists placing the tops the uprights against the 
hook-ends the escape-bars connecting the trestles. lieu the brac- 
ing against the trestles, the posts should well strengthened with 
iron channels, bolted the sides and reaching within inch two 
the up-stream edges; the rabbets formed the flanges the chan- 
nels and the edges the posts will receive the ends the planks, 
which should slightly rounded, prevent jamming. stringing 
the planks rope they are being placed, and attaching this rope 
the proper post, the escapement the whole bay will easy and 
safe, because the turning each escapement will permit one upright 
fall, and with will one set planks. With wide-span trestles 
more than one upright may set each escape-bar, because the 
boards should not very long. 


Dam. 


Cameré, Engineer Vernon the lower Seine, devised dam 
similar that Boulé, the only difference being that, instead 
the Boulé gates, wooden curtain used. This curtain consists 
narrow strips wood, hinged together, and susceptible being rolled 
and lowered, means endless chain passing around like 
theater curtain. 
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This opened rolling the curtain from the bottom; 
whereas the Boulé gates are opened from the top, removing the 
upper gates. The dam closed dropping the curtain. 
The width the curtains corresponds with the width the Boulé 
gates. They are long the depth the pool. The lower strips 
the curtain are made thicker than the upper ones, order that they 
may sustain the greater pressure the water toward the bottom 
the dam. 

The curtains are maneuvered means placed the foot- 
bridge. The dam supported series Poirée trestles. The 
rolling unrolling can stopped any place, thus regulating the 
opening exactly may wished. This dam has been adopted 
Port Villez, which situated 145 kms. from Paris, the Seine. 
consists two navigation and weir, with total length 
over 700 ft. 

Dam Port Villez.—The following description condensed from 
report published the United States Government: 

The flooring consists raised portion, forming the up-stream 
sill, united curved portion with recess which holds the lowered 
trestles. The 13.12 ft. below the upper pool. The recess pro- 
tects the trestles from the keels passing boats. 

trestles are planned present the minimum 
obstruction consistent with strength. The up-stream uprights have 
T-iron their face, the projecting web which serves 
guide the curtain-bars resting this upright. The bracing cal- 
culated the supposition that the pressure the water distribu- 
ted over the whole height the uprights, instead being transmitted 
only the top, the case needles. bracket, placed the 
down-stream upright, serves widen the service-bridge roadway, and 
allows two tracks laid; the rails serving braces between the 
frames, and replacing the catches used the older frames. The tres- 
tles are moved means flat iron bars, each three parts, joined 
together, and having joint each extremity. 

Lowering the trestle lowered the joint one 
extremity bar pinned the upper cross-bar the trestle and 
the other extremity made fast car, movable the track the 
service-bridge. This car held chain, passed around the drum 
Un. Ex. 1889, Paris, 607. 
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windlass, the latter being held another chain, made fast the 
next pier abutment. lower the trestle, only necessary 
push the car forward and pay out the windlass chain. When the tres- 
tle lowered, the flat bar fixed the car detached and pinned the 
side the cross-bar the following trestle still standing; the opera- 
tion repeated, and second trestle lowered, the flat jointed 
bar connecting the two trestles folds together, forming the unequal 
branches coming together between the two trestles, without forming 
heaps like the chains. The trestles are lifted reversing the operation. 

line the endless chain, passing over the guide 
pulleys, forms two bights, one the right and the other the left 
the curtain frame; the one passing around the curtain regulates 
the amount rolled up. operate the curtain, the two lines the 
chain the down-stream bight pass over the chain pulleys the 
windlass; the combined motion these pulleys produces elonga- 
tion contraction the other bight. 

The windlass for handling mounted car rolling the rails 
the foot-bridge, bring front the curtain moved. 
When placed clamped one rail the track. the other side 
buffer the upper part the windlass rests against the 
curtain-frame, and resists its tendency turn the up-stream direc- 
tion. The windlass carries two outside chain pulleys, corresponding 
the curtain-frame guide pulleys. The lines chains are put upon 
these, and maintained their places rotating stops which can 
lifted allow the chains taken off put 

The pulleys are keyed shafts driven the windlass gearing. 
The lower pulley may engaged disengaged. When engaged 
turns opposite direction from the upper pulley, and its 
ferential velocity fraction that the other. This being so, 
roll the curtain the lower pulley engaged, and the upper pulley 
exerts effort its chain, while the lower pulley pays out its chain. 
account the difference the velocities the two pulleys 
shortening the bight passing round the curtain takes place, and the 
curtain rolls up. unroll the curtain, the lower pulley dis- 
engaged, its chain made fast stop the guide pulley the 
curtain frame, the upper pulley turns, letting the chain, the bight 
lengthens and the curtain unrolls. 
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The curtain frame shipped special car carrying inclined 
plane furnished with windlass and chain. This car brought 
front the curtain, and the screws fastening the curtain frame the 
trestle are removed, allow the former turn around its 
journals. The windlass chain hooked the upper bar the cur- 
tain frame, and the latter turns around its journals until rests upon 
the inclined plane. Then, the continued action the windlass, 
hoisted upon the car moving upon rollers fixed the inclined 
plane. The curtain frame, thus completely separated from the 
trestles, can carried off the car. replaced the reverse 
process. This manner closing use the dam Poses 
and part the dam Suresnes, described further on. 
Remarks.—That the Cameré curtain could obtain foothold and 
actually built and operated navigable rivers only proves that 
means for closing passes moderate lifts been very scarce. 
the author’s opinion, the dam does not possess single good point. 
expensive, frail, easily worn out, unwieldy, regulates the pool 
from the bottom, and therefore dangerous the foundation, and 
its operation both slow and laborious. Each curtain must re- 
moved aspecial car and taken ashore soon removed, and 
must unrolled and cleaned and hung dry ona special frame 
the same position the dam; and their weight 600 pounds, 


Dam SURESNES. 


The Suresnes dam, located just below Paris, was built Boulé 
1885. one the largest well most recent works the 
Seine, and one the best examples movable dams the world. 
made the use alternate bays Boulé gates and Cameré 
curtains. The trestles the pass are ft. high, and the gates 
ft. high and 4.10 ft. wide. The dam supports head 10.6 ft. 
divided into three parts two islands, Folly Island and Puteaux 
Island. The navigable pass 238 ft. wide, and located the left 
arm the river. Inthe right arm there elevated pass 206 ft. 
wide. Between the two islands there weir 206 ft. wide. The 
sills these three passes are 17.9, 16.25 and 12.13 ft., respectively, 
below the level the upper pool. 

The gates and curtains are supported Poirée trestles 19.5, 17.9 
and 13.44 ft. high, respectively. They weigh 000, 3000 and 
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respectively. The trestles are constructed channel iron, and 
with two uprights front and back. They are joined cross-bars 
forming caissons. The trestles are braced St. Andrew’s cross. 
Megy’s endless chain used raise and lower the trestles, and 
operated windlass the shore. the right arm the river, 
the elevated pass, the Cameré curtains are used for closing 
thedam. The middle channel weir closed with Boulé gates, and 
the left arm navigable pass closed with gates and curtains al- 
ternately. The last method arrangement has been proven best, for 
the reason that the curtains when rolled not always preserve 
form. This fact likely cause adjacent curtains jam. 

Maneuvers.—The general plan operating Boulé gates and Cameré 
curtains fully set out under those titles. keep the pool its 
normal level during the dry season has been found sufficient prac- 
tice, remove some the top shutters there too much water, 
and place small planks ft. width above the top the gates 
and curtains all the bays when desired diminish the overflow. 


These planks are placed and removed hand. Boulé considers 


them essential part his dam, and attaches considerable import- 
ance their use regulating the pool. any case the Cameré 
curtains are unwieldy for the regulation the pool, and especially 
the lift great. The effort required raise curtain from the 
bottom evidently much greater than remove gate from the top. 
The curtains are likely wear out used for the regulation the 
pool. Again, the currents flowing through the bottom the cur- 
tains are very swift, causing whirlpools and scour. The water fall- 
ing over the top the gates produces evil effects. 

time flood the top rows gates are first removed and then 
the curtains are rolled bottom. The head this time 
much reduced, and the rolling more easy than during low water. 
When the curtains are removed, the discharge through the openings 
very great. the flood continues, the gates are all removed and the 
trestles the navigable pass are lowered. Thus the whole pass 
opened navigation with depth ft. the sill. 

The time required either raise lower the trestles the pass 
(fifty-seven number) three hours. This maneuver may per- 
formed any depth water, provided does not reach the foot- 
bridge. requires considerable delay navigation pass 
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boats through the lock, the trestles are always bedded soon there 
sufficient water the sill for the purpose navigation. the 
water falls, the trestles are immediately replaced order preserve 
proper stage water. 

The time required lower the trestles the Suresnes dam in- 
creased reason the fact that the curtains have removed 
means special trolley carrying small windlass for the purpose. 
The curtains have carried platform and hung upon special 
frame the same position the dam. The operation very labo- 
rious, each curtain and frame weighs When they are 
rolled up, débris various kinds catches between the sticks, and they 
must unrolled and cleaned. The method removing gates 
pile them truck rolling the bridge, when they are taken the 
bank and tipped upon the ground. the other passes, which are 
but little used for navigation, the trestles are not lowered until almost 


new lock 525 ft. long and ft. wide has been placed between 
the left bank andthe The latter has been rebuilt, and below 


lift wall has been placed. This continued new lock 165 ft. 
long and 9.84 ft. deep. 


Remarks.—This dam furnishes the only foreign example 
attempt raise more than one trestle once raise trestles 
stationary crab, and this regard great improvement over all 
other dams using trestles, except the needle dam America. 


French publication* thus describes the device, known Megy’s patent 
windlass: 


All the frames the Seine pass are united continuous chain 
means link catches placed their upper cross-braces. 
the chain between two successive frames greater than the dis- 
tance between the axes rotation, that six frames are lowered 
raised like the sticks fan; the chain hauled windlass 
placed the abutment the pass. 

this system, having put the first frame place, only 
necessary haul short length chain bring the second into 
its upright position, and the operations opening and closing the 
passes are almost reduced the taking putting down the rails 
and planks the service-bridge. 

Suresnes the opening the navigable pass, 237.47 (72.38 


ms.) length, accomplished three hours, and the closing five 
hours with seven men.” 


Notices sur les Modéles, Dessins, etc., Paris Exposition Universelle, 1889, 
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this method necessary for the crab stop each trestle 
comes place and the chain-catch removed from the trestle. The 
American device raises the trestles and places the foot-bridge walk- 
way with only three men less than minutes per trestle, and the 
crab need never stop throughout the operation. 


Dams. 


The bridge dam invented Tavernier and employed Poses, 
Mericourt, Meulan and Port Mort, France, and the St. Mary’s 
Falls Canal this country, for dams high lift, while more expen- 
sive than those heretofore described, yet may advantageously used 
many situations, particularly points where railway highway 
cross stream. While the application dams supported 
bridges late date, yet Mr. Frimot proposed such arrangement 
1829, and bridge dam was constructed the Upper Yonne far 
back 1836 (Fig. 5). These designs, however, did not provide for 
navigation under the arches, except the dam was open. 


the River Elbe, Pretzien, Prussia, bridge dam was built 
1874-75. differs from those France that the closing done 
with sliding gates rather than hinged curtains. built with nine 
bays, ft. wide, separated piers which rest the bridge, which 
too low allow boats pass underneath, even when the dam 
open. The floor the dam above low-water level. The pool rises 
ft. above the sill. 

The following description the dam Poses, which will give 
general idea the system, compiled from that given govern- 
ment report.* 

Dam Poses, France.—The Poses dam, 771.5 ft. between the abut- 
ments, divided into seven passes; five deep and two shallow ones. 

*Un. Exp., Paris, 1889, 588. 
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The combination the heights the sills the different passes was 
made obtain sufficient superficial flow uniting well 
possible the transverse profile the river the right with the chosen 
location. The dam thus divided into three distinct parts; two cor- 
responding tothe twoarms surrounding Poiute Island, and the other 
the cross-section the island itself. The sills are placed 11.32 ft. 
above tide-water the first case, and 17.87 ft. the second. 

Depth Foundation.—The exceptional height the dam required 
the foundation laid upon solid and impermeable stratum, thus 
avoiding all filtration which would compromise the stability the 
structure and absorb portion the flow during low water, when 
most needed for navigation. was found best, the case the 
locks, descend bank solid chalk which met about ms. 
below the sea level for the whole width the river-bed. 

Piers and Abutments.—The piers are 13.12 ft. thick. the down- 
stream side, the starlings project considerable amount beyond the 
roadway, and support masses masonry which rise the top the 
bridge. These masses serve resist the horizontal thrust which 
transmitted the bridge the suspended frames. The piers and 
abutments are pierced full-centered arches 4.26 ft. wide and 7.54 
ft. high, allow the service-bridge freely carried through 


these passages niches are made which store the cur- 


tains and windlasses. 


surface the plain, the level 10.16 ft. 
above the sea for the deep passes, and 17.06 ft. for the shallow ones. 
This surface limited the up-stream side sill curved just 
above the level the hurters, protect them against the keel 
any boat the shock any bodies against them. The hurters are 
3.80 ft. apart, built into the flooring and projecting 1.15 and 0.82 ft. 
above the deep and shallow passes, respectively. They are pro- 
tected flanged iron plates fastened bolt, passing hori- 
zontally through each stone, secured nut the back. This 
bolt also secured the anchorage bar the flooring trans- 


mit the piers the longitudinal pressure the uprights. The hurters 


rest against the plate band hewn stone. increase the solidity 
the whole, the two limiting walls the flooring are united tie 
rods sunk the masonry and passing between the hurters. Finally, 
row cast-iron boxes and anchor rings have been sunk the ma- 
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sonry flooring front and behind the hurters, permit 
coffer dam rapidly set case repairs. 

Upper Bridges.—The system adopted Poses requires the estab- 
lishment two upper bridges, according the idea the late 
Tavernier. the down-stream bridge hold the suspended 
frames, and second, the up-stream bridge hold the windlasses while 
the frames are being raised, and also sustain part the weight 
the raised frames themselves. The first may called the suspending, 
and the second the hoisting, bridge. 

The roadways the two are for two different purposes and dif- 
ferent levels. The down-stream longitudinal girder the hoisting 
bridge omitted, and its supporting cross-girders are attached 
directly the longitudinal up-stream girder the suspending bridge, 
thus affording easy communication between the bridges, and adding 
the horizontal strength both. The up-stream roadway has open- 
ing 4.99 8.20 ft.; large enough admit passing the curtain 
through endwise. the non-navigable passes the facility com- 
munication insured putting third roadway above the beams 
the down-stream roadway. 

The lattice girders supporting the roadway have their uprights 
7.61 ft. apart, corresponding the widths the moving parts. The 


cross-girders take the strain the hanging frames means 


brackets arranged under them. These girders, 3.80 ft. apart, are 
braced U-irons placed each side the rods suspending the 
frames. The brackets are trapezoidal form and ft. high. Upon 
each their faces two angle-irons are riveted, projecting each side 
and forming guide. The heads the end the suspending bars 
rest upon these guides height 1.64 ft. under the cross-girders, 
that the uprights can raised the flanges these girders, that is, 
that the uprights may clear the hurters. 

The width the up-stream roadway depends its height above 
the water. There must space enough, from the end girder the 
point where the chain comes through, work the windlass, also 
give the chain proper inclination, avoid too much tension it. 
Poses the chain attached the frame 2.95 ft. below the water 
level, and the chain inclined 33° the beginning. The distance 
between the principal girders the up-stream roadway 24.76 ft. for 
the navigable passes, and 17.22 ft. for the non-navigable. 
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The up-stream roadway placed halfway the principal girder, 
allow sufficient space below the cross-girders store the 
rolled curtain when the frames are raised. The cross-girders are 7.61 
ft. united stringers. The beams the upper bridges rest their 
piers and abutments hinged joint, that the resultant press- 
ure always passes through the center contact, whatever may 
the deflection the beams themselves. Expansion trucks are placed 
vertically between the down-stream girder and the massive starling. 

The uprights, which support the curtains, are wrought-iron beams 
with angle-irons, having their mean fibers inclined that the verti- 
passing through the center gravity the frame with its curtain 
and foot-bridge the up-stream side its upper joint. The up- 
rights have section, which constant width, 8.20 ft. 
above the upper bay for the same pass; this width 1.64, 1.96 and 
2.30 ft. for the three passes, respectively. Above this level the width 
tapers 0.82 ft. the top. 

The joint the uprights with the suspending shaft made 
cast-steel eye wedged the shaft, terminated cheek which 
riveted the web the upright. the uprights are ar- 
ranged groups two, and the axes these groups are 3.80 ft. 
apart. The object this division was reduce the width the 
moving pieces 3.80 ft., case the length the curtains, 7.61 ft., 
should found too great; but this length has been found conven- 
ient, the arrangement the uprights subsequent dams this type 
has been simplified. Port Mort, for example, the uprights have 
double T-section. 

Frames.—Each frame formed four uprights, united ties 
6.56 ft. apart, and having width 0.49 ft. less than that the upright, 
afford passage the hoisting chains and lodgment for 
those the frames. One these ties the level the service- 
bridge, and upon cast-iron box which holds the slack the 
curtain chains. The uprights the same frame are also tied three 
shafts, viz., first, the upper suspending shaft; second, the shaft 6.56 ft. 
above the service-bridge, used for attaching the hoisting tackle the 
service-bridge; third, that which the hoisting chains the frames 
are attached. 

The Hoisting Chains.—There are two hoisting chains for each 
frame; each chain divided into two branches, that the end one 
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branch attached each upright, thus dividing the strain lifting 
the frame into four equal portions. the down-stream side the 
uprights, strong wrought-iron hook with angle-irons attached, for 
the purpose raising the frame case accident the chains 
This can lowering, along the upright, 
chain, the bight which will held securely the hook. Ringbolts 
are attached the up-stream side the uprights, thatthe frames 
may slung below the upper bridge when any repairs are required. 

Method Suspending the Frames.—The method adopted for sus- 
pending the frames has been somewhat simplified the more recent 
dams. The suspending rods are terminated cross-heads fitted 
the rods gibs and cotters; these wrought-iron rods have cross- 
shaped section, and pass between the braces the down-stream road- 
way, above which they are united, two two, cross-piece 
having the section double whose extremities can slide verti- 
cally between the uprights two cast-iron chairs bolted the road- 
way.. normal position, these extremities rest chairs 
means regulating iron wedges. Similar wedges placed between the 
upper face the cross-piece and the upper bearings the chairs pre- 
vent the frames from lifting. 

Foot-Bridge.—The foot-bridge, made framed sections, con- 
structed which the iron flooring riveted. Upon this 
flooring the rails for carrying the windlass are laid. The up-stream 
side the section hinged the down-stream side the uprights. 
The transverse bars the section are prolonged, and strike against 
corbels riveted the webs the uprights, keep the sections 
the foot-bridge horizontal when lowered. 

Method Attaching the Curtains.—The suspending chains are hooked 
rings attached the two outside uprights each frame 4.10 ft. 
above the foot-bridge. The two pulleys for rolling the curtains are 
placed between the intermediate uprights. The lower pulley, holding 
the down-stream chains, slightly smaller than the other. This in- 
equality insures distance between the chains equal the thickness 
the first bar. Besides rolling the curtain, each side the 
endless chain can fixed upon its guide pulley stop carrying 
finger, which enters the link chain when the lever lowered. 
Finally, the uprights have their up-stream faces iron claws, which 
serve stops the rolled curtains. 


q 
lif 
fr: 
} 
| 


Papers. THOMAS MOVABLE DAMS. 169 


Detuils the Curtains; Dimensions.—Each curtain corresponds 
opening 7.61 ft. wide and 17.55 ft. high the deep passes. The bars 
are yellow pine, each 0.25 ft. high, with slight play between them 
allow for swelling. Their length 7.47 ft.; giving play 0.13 ft. 
between two neighboring curtains. This interval and can 
closed joint cover the dam requires made tight. The 
thickness the upper bar 0.13 ft., and increases progressively 
downward 2.95 ft. upper bar, exposed shocks from floating 
bodies, strengthened angle-iron. The hollow cast-iron rolling 
shoes are heavy enough cause the curtain sink easily the 
water when unrolled. The rows hinges form kind chain, resist- 
ing all efforts exerted the chain the act rolling. These 
hinges are bronze, not rust. They have strong flanges, and 
their axles are drawn phosphor-bronze. handling machinery 
can carried cars rolling the service-bridge tracks. 

Raise the Frames.—With the suspension above described and 
use Port Mort, the operation follows: Lifting jacks are placed 
under the cross-pieces uniting the two suspending rods frame 
above the down-stream roadway. jack rests upon platform 
arranged for this purpose the horizontal bracing the roadway. 
After placing the jack and removing the wedges which prevent the 
lifting, the jack screwed up, care being taken wedge the ends 
the cross-piece moves up. This wedging serves sustain the lifted 
frames. The chains from the windlass the upper bridge are then 
hooked on, and the frames are rotated horizontal position and 
made fast the under side the upper bridge. 


Cost per Running Foot: 


The cost wicket dams France ranges from $183 
foot run; that needle dams from $153 $244. 
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THENARD SHUTTER Dam. 


the description shutter dams the term shutter” applies 
those barriers which the axis rotation oneedge, and the term 
those which the axis near the middle. The 
earliest types shutter dams were constructed the overfalls the 
River Orb during the 18th century. 

Thenard taking charge the River Isle, 1828, found several 
fixed masonry dams. These did not give navigable depth the 
stream low water, but caused overflows adjoining lands high 
water. They averaged 6.56 ft. above low water. His project was 
lower them 3.93 ft. and secure depth sufficient for navigation 
placing movable dam top the fixed one. His first experiment 
was tried the dam St. Suerin 1831. the Orb dam 
his model and improved it. The Orb consisted wooden shutters 
hinged the floor the dam and capable being raised lowered 
will. first invented tripping-bar which tripped the props suc- 
cessively, and allowed the shutters fall one after the other. This 
rendered the lowering the wickets very easy matter, but the rais- 
ing them was very difficult, they must raised against the cur- 
rent. facilitate this, Inspector-General Mesnager advised 
Thenard build counter-shutters falling stream order that they 
might raised the force the current and form temporary dam 
while the permanent shutters were being raised. This arrangement 
allowed the lock-keeper walk dry-shod the floor and raise 
the shutters and place the props without fear being washed 
away. This idea was use the dam the Caillade, Coly- 
Lamelette, and Fontpeyre from 1839 1841. These are perhaps 
the only distinctive Thenard dams. The following description 
them: 

These dams were 155.8 ft. long, or, including the passes, about 230 
ft. the crest the masonry dam wooden sill, firmly bolted 
the stone work. Panels are 6.56 ft. long and high. The down- 
stream shutters are supplied with wrought-iron props, and the up- 
stream ones with forked chains, being anchored the floor one 
end. The foot the prop rests against iron hurter sill fixed 
the floor. The tripping-rod made iron, and extends lengthwise 
furnished with teeth, which are grasped cog- 
wheel operated jack shore. has many teeth there are 
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shutters. The props are tripped succession. Every time the bar 
moves ins. When they down, the tripping-rod 
drawn back its first position. After the tripping-rod has pushed 
the prop sidewise from the supporting hurter, the force the water 
above causes the shutter fall down stream. 

The up-stream shutters, counter-shutters, when lowered, are held 
place spring latches fitting into ear the floor. When 
desired raise the up-stream shutters this spring latch released 
tripping-rod, and the shutters rise force the current. When 
they are upright, they are held place the chains. The lock- 
keeper then goes down the floor and raises the down-stream shut- 
ters hand. then equalizes the water level above and below the 
counter-shutters opening small valves them, when pushes 
them down with pole until the latch caught. The whole maneuver 
has been performed 16} minutes. 

erected the St. Antoine dam. The height each panel 
was 5.57 ft., and the width 3.89 ft., being very much higher than his 
former attempts. also constructed sheet-iron foot-bridge the 
top the counter-shutters, upon which the dam-tender could stand 
raising the lower shutters. 

The Thenard dams were thought impracticable over 
high, but they are now use India the Mahanuddee and the 
Cossye rivers and the Sone Canal, where they sustain pressures 
excess ft. They seem better suited the Indian rivers than 
any other system. They have the advantages being very simple, 
and hence never needing repairs; and they furnish projections, 
that the largest ice fields can pass over without injuring the dam. 
The practicable application this dam difficult high lifts, because 
the weight the shutters and the force the current. diffi- 
cult keep the floor below the shutters dry enough allow the 
attendant operate without being the water. boat has been 
substituted, which the attendants sit and operate the shutters 
windlasses. The shocks the chains holding the counter-shutters 
often break them and loosen their fastenings. 

streams carrying large quantities drift, where ice liable 
form before the season for lowering the dam has arrived, this dam, 
with some modifications, can used better advantage than the 
Chanoine wicket, which succeeded France. 
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Dam. 


overcome the objection double set shutters the 


Thenard dams, Chanoine substituted for the counter-shutter row 
trestles, upon the up-stream side which were placed needles—in 
short, Poiréedam. theoperation passes which must rapidly 
maneuvered, the Poirée dam first put place, forming protec- 
tion behind which the attendants raise the Thenard shutters. They 
operate from the foot-bridge the use windlass. The dam con- 
structed this plan Courbeton across the Seine was built 
1850, and has worked well since. The needle dam 124 ft. ins. long, 
and abuts against the tail wall the lock. The pass 39.68 ft. long. 
The pass only constructed the combined system, being separated 
from the main dam pier ft. ins, thick. When the pass 
closed the shutters are raised and the trestles may left standing 
not desired. They are usually kept low water, although the 
needles are removed (Fig. 6). 

this dam turbine wheel fixed the shore abutment for 
the purpose operating the tripping-bar. works automatically. 
When there are enough shutters down reduce the pool its former 
level, the water-wheel stops, and the pass opened further. 
high water the wheel continues work until all the shutters are 
down. After the water-wheel has tripped all the shutters, thrown 
out gear pinion the rod. After the subsides, the 
needles are placed position and the shutters raised described. 

Remarks.—This combination great advance over the Thenard 
system alone, and surprising that its use has not become more 
general. For rivers carrying drift, probably has superior, 
properly constructed. With the improved methods raising the 
trestles and the simultaneous placing the needles, which can 
very light and wide, because the head sustained will 
dam this type could very rapidly and easily put up. The 
lowering could take place either the Pasqueau method use 
the tripping-bar. could lowered previous all danger 
from drift ice. 

operate such dam would first necessary raise all the 
trestles. head sustained would only that which ac- 
cumulated while the shutters were being raised, would small, and 
therefore the trestles could light and wide span and without es- 
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cape bars. They would raised the rate least one trestle 
per minute, say 100 ft. dam ten minutes. After the trestles 
were all up, the needles could either carried, taken truck, 
transported boat and placed ready for dropping into position 
suitable brackets supports along the trestles. When all were ready, 
the releasing the supports would simultaneously let fall all the 
needles and cut off the flow water. The raising the shutters, the 
chains which come with the trestles, can then effected quiet 
water the methods now vogue wicket dams. very long 
dams would advisable raise them from each end the same 
time, facilitate the erection. After all shutters have been 
raised, the removal few needles will permit the pressure come 
against the dam proper and the needles place will once float 
and can loaded into boat carried ashore. The trestles can 
either left standing for convenience crossing, they can 
once lowered out harm’s way. 


Dam. 

The Girard shutter dam consists the application Thenard 
shutter hydraulic pressure applied through the instrumentality 
jack into which works piston. The pressure for operating the 
piston obtained from pumps worked turbine water-wheel which 
moved the fall the water. The closed against the 
force the stream. 

This dam was invented 1869 Girard, French engineer 
eminence. Girard was killed Prussian bullet during the 
Franco-Prussian war, before the dam, upon which was try 
the utility his invention, was completed. was awarded 
contract put seven his shutters the weir the 
Brulee dam Auxerre the Yonna. The work was completed 
Callon. 

Description.—The system Girard consists series large 
shutters wickets moving around horizontal axis placed the 
lower edge the shutter, the axis turning cast-iron hollow quoin 
which embedded the crest the masonry. The Brulee dam 
contains seven these shutters. They are 11.55 ft. 6.46 ft. 
high. They are made fir joists ins. thick, fastened the lower 
axis and the upper timber the shutter and middle 
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the cast-iron cross-head the connecting rod. Each shutter 
composed three pieces wrought iron, fastened the 
axle the bottom. The joists are fastened the up-stream side 
these and the lower side plate The 
space between consecutive shutters ins. 

Attached each shutter hydraulic jack. fastened 
the down-stream side the floor, inclined 10°, and firmly anchored 
the masonry. The jacks are made Their exterior diam- 
eter ins. and their walls are ins. thick. Into each jack works 
The piston cast iron, covered with jacket red cop- 
per. ins. diameter, and slides through stuffing-box 
hammered copper, which forms joint that becomes tighter the 
pressure increases. The piston carries cast-iron cross-head which 
guided its course three connecting rods, joined the cross- 
head and fastened the middle the shutter. This latter cross- 
head moves hollow quoinalso. The connecting rods transmit the 
power the jack the shutter. 

Each jack supplied with copper pipe, in. interior diameter, 
entering the jack its lower end. These copper pipes connect with 
the generator and accumulator pressure, and carry the water press- 
ure the jacks. 

the abutment built engine-house containing turbine 
wheel, double acting water pump, air pump, and chamber, 
accumulator compressed air. The turbine wheel has vertical 
axis, and ft. diameter. crank the top the axis works 
the water pump, which provided with plunger, and also the air 
pump, both pumps being operated the same piston rod. The water 
pumps draw water directly from the river clear; otherwise from 
the abutment. The accumulator cast-iron cylinder 
whose interior ins. and whose height 11} ft. The 
cylinder walls are ins. thick. 

Communication establisbed between the pump, the accumulator 
and the jacks three-way cocks, which allow water 
introduced into the cylinder, and the removal the same means 
discharge pipe. They also establish direct communication between 
the cylinder and the pump, not desired use the accumulator. 


They send the water from the pump the accumulator, they shut 
off everything. 
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Maneuvers.—The shutters are maneuvered turning the cocks. 
putting each jack into connection with the pump, with the 
accumulator, the piston made run out the jack, and, conse- 
quently, the shutter forced up. shutter, the cock 
opened into the discharge pipe, the water runs out and the pressure 
the shutter causes When down, lies flat the 
masonry and forms obstacle navigation. The accumulator 
intended governor for the pumps. also the shutters may 
raised when the upper pool too low set the turbine wheel 
motion. 

Supposing the pass and the weir entirely open, and the 
accumulator empty, the Girard dams can maneuvered only 
creating fall sufficient set the turbine and the pump motion. 
The Brulee dam supplied with Chanoine wickets the pass, 
These are closed maneuvering boat. This raises the level the 
water sufficiently start the turbine, and the jacks may worked 
directly from the pumps. 

The accumulator should used, general thing. When itis 
empty, the air pump set motion until compresses the air 
atmospheres; then the water-pumps force water into the accumu- 
lator until the air pressure from atmospheres. the 
fall light, the accumulator has power raise the whole dam. The 
time taken for this maneuver less than half minute. the 
fall over ft., the pump must kept work, assist the accu- 
and the total raising the dam requires not more than 
minutes. 

The shutters may lowered with equal facility turning the 
cocks open into the discharge pipe. requires about 
minutes lower shutter. The jacks may raised lowered 
will, and independently each other, that any height the upper 
pool may maintained. The shutters may stopped any point 
turning the cock. This useful moderating the scour and 
preparing for moderate rise. 

Maneuvering rendered easier the construction Papillon 
valves. When the shutter down, these valves open the pressure 
the water, that only their thin edge sustains pressure. The re- 
sistance raising thus diminished. raised, the valves close 


A A 


i 


themselves. Each shutter provided with three valves 2ft. ins. wide 


Papers. THOMAS MOVABLE DAMS. 177 


ft. 8ins. high. The valves also assist regulating the height 
the pool. 

Construction.—The weight each shutter 2552 Ibs. The weight 
each piston The hydraulic jacks sustain pressure 
1414 the square inch under pressure atmospheres, and the 
piston and connecting rod about per square inch. The 
strain the shutters, greater pressure than atmos- 
pheres generated, the air will escape through the joints and cocks, 
and prevent this they should lined with lead. 

The cost constructing this dam seven shutters Ile Brulee 
was 600, with 150 for contingencies and extras, thus making the 
total cost, not including masonry, $119 per running foot. The 
masonry, including coffer dams and excavations, cost $60 per foot, 
making total $179 per running foot. 

Conclusions.—The Girard dam very easily and rapidly raised and 
lowered without shock. The experiment tried Brulee said 
have been perfectly successful. 

The leakage very materially reduced account the large 
wickets and the smallness the openings between them. 

applicable lifts any height and great lengths dam. 

Objections have been urged against the use this dam follows: 

complicated piece machinery and likely get out order. 
The greatest care should necessary secure continued success- 
ful operation. 

was feared that the jack would become filled with sand. This, 
thought, not well founded, although, this system were used 
the navigable pass, sanding would more likely occur. 

Freezing would very great detriment. avoid this 
the jacks have placed below low-water line. This renders 
difficult make repairs. The pumps, the accumulator, and the 
are building which could heated winter time. Carelessness 


cold weather would freeze this dam and render useless. 


was thought that the use alcohol and water mixed, the freezing 
temperature would sufficiently lowered prevent danger. This 
would found too expensive, galls. water daily are required 
operate the jacks. 


My 
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JANICKI Dam. 


This dam the invention Janicki, Russian Engineer, and 
director the Moskva Navigation Company. The author not cer- 
tain whether place among those which have been employed the 
improvement rivers whether still among those characterized 
Malezieux projects, studies, experiments, inchoate ideas, 
more less 

Janicki describing his invention says: 


Being under the necessity planning dam for very wide river 
300 ft.), whose floods are very rare and slow, thought applying 
the system Poirée trestles and Boulé gates similar those the 
Moskva. Butthe use trestles wide rivers has the disadvantage, 
that all must dropped the same direction, requiring much time. 
the solution offered, the skeleton and the screen are separated, the 
same the Poirée-Boulé combination, but the trestles fold and 
lie down horizontally, parallel the thread the stream, independ- 
ent each other.” 


This trestle is, fact, the frame Thenard shutter with foot- 
bridge added, over which may placed planks, gates, needles, and 
shutters for stopping the water. his own words the dam described 
follows: 


The up-stream standards trestle are composed two double 
T-irons, suitably connected and braced form rigid frame, 
upon the up-stream side which the movable gates are slid into place 
from above, when the dam closed after raising. Each 
frame has axis rotation its lower end, which passes through 
journal boxes fastened the floor. second axis, near 
the frame, serves hinge for the heads the props, which hold 
the frames after they are raised. The feet these props rest against 
double-stepped hurters the Pasqueau system. 

The width the frame, forming the up-stream face each tres- 
tle, depends the width given the gates. rule, this 
width will the same the distance between the trestles the 
ordinary trestle dam. The distance between the adjacent standards 
two consecutive trestles should the same the distance between 
the standards the same trestle, order that the closing gates may 
rest discriminately, either against the standards the same trestle, 
against the standards two consecutive trestles. 

From what precedes will seen that each chief standard with 
its props forms kind trestle that can fold and lie down hori- 
parallel the thread the stream. order compel 
these folding trestles always the same vertical plane, par- 
allel the current, while they are being raised lowered, connect 
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them two two, has already been said, both means the 
axes, which serve hinges, and the braces that hold together the 
two principal up-stream standards. 

also practicable add the rigidity the system partly 
bracing together the two props the same trestle. Below the front 
rank principal frames there placed second rank very light 
frames similar the first, and connected with the latter top 
cross-pieces parallel tothe thread the stream. These two frames, 
thus connected cross-pieces, having axes rotation the points 
intersection, form, the vertical plane parallel the current, two 
movable parallelograms which can fall down stream and lie horizon- 
tally the floor. 

When the system which has been described upright, supported 
the props, each trestle forms skeleton, which can serve both 
service-bridge for placing and maneuvering the gates, and also 
support against the pressure these gates. 

The operation raising dam composed such trestles per- 
formed follows: railroad the abutment there roll- 
ing crane, suitably weighted, having adjustable boom. This crane, 
which worked hand, begins raising the first trestle, which 
lying the floor, the distance from the bank equal its width; 
soon the feet the props are heard fall into their seats,the crane 
ceases raise. balks are placed from the abutment the cross- 
pieces this first trestle. these laid the flooring the service- 
bridge, and then the crane run forward this first piece dam. 
From this point the second trestle raised and the second piece 
dam erected, and the end. When once all the trestles 
have been raised, the horizontal gates are brought trucks and are 
put place hand, done trestle dam. 

perform the reverse operation, that is, lower the dam, 
begin lifting and removing all the gates hand, with the aid 
boat hooks, and with the same crane raise slightly the trestle, 
which wish lower, until the prop falls off the sliding step; 
the crane then lowers the trestle and its accessories the floor. Dur- 
ing this operation the crane travels backward, until reaches the 
abutment, whence began the operation raising. 

this concise which shows the idea which 
guided proposing the kind dam which are speaking, the 
advantages using can deduced. They are follows: 

this system, dam any length whatever can built 
without intermediate piers. 

dam this kind gives surface overflow along its whole 
length, and exactly water-tight trestle with Boulé gates. 

The operations raising and lowering dam this kind can 
begun simultaneously from the two abutments means two dif- 
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ferent cranes, and even possible, greater speed desired, 
raise the trestles means boats equipped with light shears. 

Should the dam sanded one several places, the 
raising the trestles not hindered, since practicable raise 
will any the parts the dam which are not covered; and in- 
creasing the current over the sanded parts, they are rapidly cleaned off. 

Since our style dam the skeleton serves also service- 
bridge, this style must necessarily cheaper than those which 
necessary place above the true dam special service-bridge. For 
the same reason the operations raising and lowering such dams are 
more rapid. 


The kind dam thus described can used for the greatest 
lifts without 


Dams. 


not proposed this paper take length any those 
forms dams maneuvered the force the water, and brief 
description their principal points all that will attempted. 
The paper Mr. Powell, published Vol. XVI the Journal 
the Associated Engineering Societies accessible all, and 
amply discusses these forms dams. Nowhere have they been applied 
navigable passes great even ordinary width; and their 
present state development they can scarcely classed movable 
dams, the true sense the word, but rather gates for sluices, 
locks, That the time fast approaching when they will 
largely used for purposes navigation not doubted many able 
engineers who have been for years trying solve some the difficult 
problems connected with their successful operation. 

Original Form.—The American bear-trap dam, first used 1818 
the Lehigh River, Josiah White and Erskine Hazard, the 
earliest the modern movable dams, and presents many admirable 
features. went out use, practically account its cost and 
difficulty operation, originally built; but interest now 
being revived, with fair prospects its introduction navigable 
streams. 

consists two gates, up-stream and down-stream one, 
revolving around horizontal axes fixed the floor; the up-stream one 
overlapping the down-stream one, when down, and resting its 
point when raised. The gates close tightly against each other and 
against the side walls. Two culverts are built the side walls, end- 
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ing the upper and lower pools. passage connects the culverts 
with the space under the gates, and the culverts are provided with 
valves for making connection with the pools. The pressure under 
the gates increased when water from the upper pool introduced, 
and the gates rise. Strips the side walls, stay-chains, prevent 
the gates from rising too high. 

The principal defects the original type are: 

(1) Sliding friction between the leaves. 

(2) Width base too great for height attained. 

(3) The overlap upper upon lower leaf. 

Inability rise fall uniformly. 

(5) Necessity for initial head raising. 

(6) Difficulty stopping without shock when rising. 


(7) Difficulty operation wide passes, and division into several 
sections. 


(8) Leakage time raising. 

(9) Liability binding débris along side walls and driftwood 
lodged the exterior angle between the leaves. 

(10) Cost. 

Modifications first objection was overcome 
Carro, French engineer, the leaves together the apex; 
but doing gained but little, his up-stream leaf must slide 
the bottom, back against the head water. This dam consists 
two gates, rather one connected hinges, and resting wooden 
axles, whose ends are journals provided with rollers, which roll 
rails parallel with the the Links fastened the 
lower gates are also fastened fixed points distributed along right 
line parallel the crest the dam. There passage under the 
gates ft. deep. When the gates are up, they have the appearance 
bear-trap dam. They are lowered the ends rolling opposite 
directions until the gates lie flat. The conduit running beneath the 
gates put communication with the upper pool halves for rais- 
ing the gates, and shutting off this connection and opening the 
valves into the lower pool, the dam lowered. 

The pressure the water exerted under the lower gate, and 
communicates the force way the hinges the upper gate. The 
latter only plays passive part. When the gates are clear down, the 
upper gate prevents the lower one from rising spontaneously. 
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Parker.—The defects sliding friction and wide base were 
remedied Thomas Parker, who not only retained the old hinges 
the bear-trap and the new one Carro, but added fourth dividing 
the upper leaf into two parts, which, when down, folds inward upon 
itself, similar the idea the French engineer, Girard, who, how- 
ever, placed his joint the lower leaf. Mr. Parker’s invention pretty 
well overcomes many the objections above given. There slid- 
ing friction, the width base greatly reduced, the overlap done 
away with, the construction necessitates uniformity raising, 
cannot come sudden stop, need not leak, and its cost not 
necessarily excessive. The difficulty drift catching the folding 
leaf overcome the introduction idler auxiliary leaf 
hinged the apex and covering the joint, and sliding the foot 
the floor. The application wide passes has not been assured, how- 
ever, nor has the ability rise, without increased head. Parker gates 
have been built only toa limited extent, and far known tothe author, 
the one the Muscle Shoals Canal (40 ft. length and ft. high) 
the longest one yet erected. 

Lang conceived the idea making the idler 
essential part the gate and substituting chains for the upper sec- 
tion the up-stream leaf. Thus the idler slides the lower section 
and reintroduces sliding friction, but the effect this friction part- 
ially overcome the weight that portion the gate suspended 
the air, just the point when would most troublesome. The 
use rollers the edge the idler will doubtless greatly reduce 
the friction. Quite number Lang gates have been are 
successful operation lumbermen’s dams and for power companies, 
and the United States have recently completed one Louisville (Fig. 7). 
These dams range length from ft., and height from 
ft. The gates Sandy Lake reservoir Minnesota, built the 
United States, are respectively ft. long and ft. high, and ft. 
long and ft. high. letter the author from Lieutenant-Colonel 
Jones, the officer charge the district, dated May 7th, 1897, 


says: gates Sandy Lake dam have been subjected practi- 
cally all possible conditions water above and below. There 
doubt the success this form movable dam. There have been 
failures this form gate thus far; they operate quickly; one 
man with short, easy stroke the wheel does it.” full descrip- 


tion these gates may found the Journal the Association 
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Engineering Societies, Vol. page 210, and also more general de- 
scription the same volume, page 238, where design for 600-ft. 
dam presented Colonel Jones. 

Marshall, Am. Soc. E., Major, Corps 
Engineers, Army, has patented several forms bear-trap gates. 
The general features two these designs are fully described The 


Journal the Association Engineering Societies, Vol. XVI, 1896, page 
218. 


later design Major Marshall thus described him:* 


object the invention improve the dam gate, 
known the original bear-trap, devised and invented Josiah 
White, that shall preserve the advantages that gate due its dis- 
connected separate leaves, while the same time the possible 
height crest above the foundation, relative the width the base 
development leaves such dam gate, shall increased; also 
improve the known means admitting and withdrawing water 
and from the hydraulic chamber the dam that twisting warp- 
ing the leaves may avoided controlled, thus making long con- 
tinuous dams possible; also restrain the motions the down- 
stream leaf water brakes, prevent anything like ramming 
action when the gate brought toits fully raised position; but instead 
gradually stop the upward motion the gate without the possi- 
bility carrying away the fastening the lower leaf. 

The invention designed secure smooth surfaces for the pas- 
sage drift, and all the advantages separate leaves, and also the 
advantages jointed leaves, without incurring the disadvantages com- 
mon hydraulic dams with the leaves hinged together the crest 
the dam, which construction involves, most hinged-leaf dams, 
four parallel axes rotation, which are difficult practically con- 
struct. 

invention consists dam gate two disconnected leaves 
hinged the foundation; the down-stream leaf having attached its 
up-stream edge rotating shoe toggle leaf, which travels rollers 
along the under side the up-stream leaf until strikes stop 
quoin the under side the up-stream leaf the top, the resist- 
ance which forced rotate, and further push the up-stream 
leaf; and adjustable telescoping tie rods, some all which are 
provided with cylinder and piston plunger, attached the down- 
stream leaf and the foundation; which constitute hydraulic brakes, 
and which are brought into play first before the toe the shoe 
toggle leaf strikes the quoin stop, bring the gate gradually 
rest without shock gate, stops quoins, fastening toggle joint.” 


Patent Office Application (by permission inventor). 
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Bois.—John Bois applied apron the down-stream leaf 
old bear-trap order provide more even slope the inter- 
mediate positions the dam. also hinged the leaves the apex 
before Carro. 

Wood.—The dam proposed Capt. Wood, Pittsburg, 
modified bear-trap, very similar that Carro. dispenses 
with the links the latter, and does not utilize the water the pool 
for raising the dam. The gates are, however, hinged together, and 
the down-stream gate kept down its iron track. His method 
maneuvering was that chains wound around axle under the 
gates, operated steam water power. gate turned 
axle fastened the floor; the apron the lower gate was 
allowed move forward and back grooves. winding the 
windlass, the apron moved stream, forcing the dam rise. The 
contrary motion lowers the gate. The objection this dam that 
does not utilize natural forces. 

Problems.—The problems solved before satisfactory bear- 
trap dam can designed are 

(1) The distribution the water under the dam such manner 
raise lower the gates without warping, twisting injury. 

(2) The securing the power necessary start the gates upward 
where natural head exists. 

(3) The application the gates passes great width without 
the introduction piers other obstructing parts. 

(1) Uniform Movement.—The first these problems, the distribu- 
tion the water supply utilized raising the leaves that the 
gates will rise fall uniformly without warping, may solved 
narrow chutes, Davis Island drift gap, introducing the water 
from each end the gates. wider openings, the proposition has 
been made fill through culverts with orifices discharging directly 
under the gates intervals. Still another plan has been proposed 
assure uniform raising, that building the dam tight that leakage 
will impossible. this way water can admitted slowly and 
have time distribute itself. This suggestion has much good sense 
it. 

Mr. Bois proposed and unsuccessfully tried racks and pinions 
for this purpose. attached the floor were keyed pinions 
which worked racks fastened spuds hinged near the upper end 
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the lower leaf. Thus the leaves could not move without rotating the 
shaft and simultaneously moving the spuds. 

Mr. Martin experimented with racks and pinions Davis Island, 
and makes the following suggestion their 


the under side the upper leaf construct racks the length 
the overlap the leaves. the upper end the lower leaf 
shaft the full length the dam, which carries pinions, about ft. 
apart, meshing into the racks the upper leaf. These pinions act 
rollers reduce the friction between the leaves. are united 
sliding link order keep the gearing contact. 
ments made the rack-and-pinion device with good-sized model, 
well illustrate the practicability the plan prevent warping the 
gate, for, however unevenly the pressure applied, the gate will rise 
with uniformly level crest, but dam considerable size great 
risk would taken, stoppage any one pinion would lock the 
movement the leaves cause breakage. firmly the 
opinion that the old style bear-trap, properly proportioned and built 
substantial manner, reducing the leakage minimum, capable 
successful use spans lengths from 200 300 ft.” 

Major Marshall has devised ingenious scheme which describes 


arrangement conduits and valves, and mode operating 
the same, which the supply and exit water and the resulting 
pressures within the hydraulic chamber may differentiated, directed 
and controlled such manner that the movements the gate may 
made uniform the application adequate pressures the 
points requiring them, varying the amounts water under press- 
ure and rate supply, and from various parts the hydraulic 
chamber, thus producing equal unequal pressures will over dif- 
ferent parts the hydraulic chamber throughout its extent. Equal 
and uniform motions the gate are continned equal and uniform 
supply and withdrawal water under it, and unequal movements 
the gate are connected the application correspondingly unequal 
pressures the proper points the hydraulic chamber. This 
effected the special arrangement conduits, orifices and valves 
which the hydraulic chamber divided into aliquot parts im- 
aginary planes right angles the crest, each such part being served 
its own conduit communicating each end through valve with 
vestibule chamber common all conduits, which vestibules are 
capable being made part upper lower pools, either both. 

When all such conduits are put communication with the upper 
lower pool, the other pool being shut off from the vestibules, water 
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will move uniformly into from the hydraulic chamber throughout. 
One more the conduits, can now shut off from the vestibules 
one both ends the conduit, and the movement the water into 
from the hydraulic chamber will then become unequal and the 
pressures corresponding unequal. vestibules and conduits may 
served that one vestibule may form part connection 
with the upper pool and the other vestibule with the lower pool. All 
any the conduits may this case put communication with 
the entire pool, the other end the conduit being closed its valve, 
and again the pressures may made uniform varied throughout 
the hydraulic chamber. 

chamber may divided into any suitable number aliquot 
parts and the conduits made correspond. This arrangement sug- 
gested the observed and well-known fact that the movements the 
gate are dependent upon the actual transfer matter contact with 
it, which matter (water) moves the gate, due boils, impact, waves 
undulations proceeding from near the orifices ingress egress 
the hydraulic chamber, more remote parts the said chamber, 
consequence which the parts the gate nearest these orifices move 
more rapidly under the influence the flow water through them 
than more remote parts, and the gate thereby twisted warped. 
The conduits may lead from each end the gate because, allow- 
ing inflow and outflow both ends simultaneously, the capacities 
the conduits may doubled and the arrangement separate conduits 
affords facilities for flushing scouring out each separate conduit 
succession separately without materially disturbing the stability 
the dam. placing the vestibules, one connection with the upper 
level, while the other communicates with the lower level, any one 
the conduits may placed communication with the lower level and 
current sent through it, all conduits being the same time com- 
munication with the upper level—thus supplying vastly greater 
quantity water than the amount withdrawn.” 


The proper construction the gates that they will not warp 
twist, matter how where the power applied, probably the 
best remedy for this defect. This will require very rigid 
tion and possibly expensive one, but sure successful. 

(2) second problem, that starting the gates, 


been solved the introduction auxiliary dam another 


type; but, this necessitates double construction, engineers have 
been trying hit upon better solution. With the most sensitive 
gate evident that some head will required overcome friction, 
sediment, débris, etc., and the excess weight the gates them- 
selves. quite easy secure head where the bear-trap lo- 
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cated pass higher level than that used for navigation, because 
the deeper openings can closed first; but how can this head 
obtained where the navigable pass itself closed this form 
gate? 

the bear-trap weirs Dam No. the Ohio River, pro- 
posed experiment with raising the use compressed air, 
stated elsewhere this paper. This will require the construction 
special plant considerable expense. The author the opinion 
that the necessary head can best and most economically obtained 
the erection low auxiliary dam which can raised from the 
masonry. dam A-shaped trestles, ft. width and spaced 
some distance apart, will partially close the opening and produce the 
required head. One such dam can raised from the pier and 
the other half from the lock wall very rapidly. the head against 
these trestles would only such required for starting the gates, 
evident that they may very light, simple channels planks. 

dam use Neuville, France, onthe River Marne, which has 
sluice closed bear-trap gates, which are raised securing head 
with the counter-shutters Thenard, described follows: 

The width the sluice ft. 8ins. The sill ft. below low 
water, and ft. below the level the pool. This sluice provided 
with Thenard counter-shutters above the bear-trap dam. 
close the dam the counter-shutters are raised, shutting off all water 
from the bear-trap. The down-stream valves the culverts are shut- 
The up-stream valves remain open. The difference level creates 
pressure under the gates, and the gates rise. The water now overflows 
the counter-shutters, and they are lowered. 

lower the dam the up-stream valves are closed, and the lower 
ones opened. The water under the gates escapes through the cul- 

verts into the lower pool, being forced out the weight the gates 
which finally lie flat. The time required lower the gates three 
minutes. fall ft. necessary induce the gates rise, and 
the time required secure this much head must added the 
maneuver raising the gates. The great weight, and the fact that 
they revolve around axis the end, creates moment resistance 
overcome the square foot the instant the dam begins 
rise. The wooden axlecauses too this reduced, 
the leakage becomes too much consequence, reducing the pressure. 
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The Neuville dam cost $13 603 $469.07 per running foot, 
enormous expense. Lagrene says these facts render inexpedient 
dam possessing many virtues and some ingenuity. 

(3) Application Wide Passes.—Bear-trap dams may applied 
wide passes the manner previously indicated dividing the dam 
into aliquot parts having independent conduits, independent 
units sections separated partitions permitting independent 
movement, but having single conduit each section may have its 
own supply pipe and thus become independent gate. not 
necessary further describe the first method, but brief outline 
the second proposed Major Marshall given, follows: 


dam sections approved length, each alternate sec- 
tion abutment section formed suspending from the longer 
lower leaf thin metal wooden diaphragm closing the ends the 
abutment section, raised and lowered with this section, out and 
into narrow pit through slot protected against entrance sand 
and gravel. This diaphragm serves abutment close the ends 
adjacent sections when they not rise faster, not fall less 
rapidly than the abutment sections avoid warping. 

rising and falling each section controls its neighbor auto- 
matically diminishing the head water actuating the 
higher section, that all sections must rise fall quite, nearly 
the same rates. Otherwise, each section independent gate, com- 
municating through its own ports with the regulating reservoir through 
the conduit. 

The gates are made metal heavy required the necessary 
strength, and initial head partially raise the gate until upper 
pool formed, arranged for constructing small reservoir 
the bank with level above ordinary high water this reservoir 
kept readiness for use pumping water intervals into from 
the river. This reservoir communicates through pipes with regulat- 
ing reservoir, which includes also capacious conduit communica- 
tion with the hydraulic chambers under the gates. The regulating 
reservoir for regulating the initial head pressure applied 
partially raise the gates, which head should not exceed one-half the 
lift the dam, and can regulated gauge the valve controlling 
the inflow. This regulating reservoir communicates also means 


capacious valves with the upper and lower levels the dam, 


means which the inflow and outflow water the hydraulic cham- 
bers may regulated. 

The conduit, communication leading from the regulating reser- 
voir the hydraulic chambers, made capacious that there shall 
diminution head due friction. The inlet ports between this 
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conduit and the gate chambers are pipes. The outlets must many 
times larger than the inlets, allow the water pressed out the 
weight the gates when nearly down, which accomplished flap 
valves moving freely outwards from the hydraulic chambers into the 
conduit when the gates are lowered, but not inwards from the conduit 
when the gates are raised. All chambers then are supplied with re- 
stricted inlets equal dimensions under the same head, and with out- 
lets greater capacity. 

Arrangements are made for flushing scouring deposits from the 
conduit. The inlets and outlets capacity are inversely proportional 
the velocities due the effective heads water, the weight the 
gate being assumed equivalent ins. head. 

Whenever any section moves upwards more rapidly than its neigh- 
bor, downwards more slowly, automatic valves are opened its 
neighbor diminish the pressure head under it, which will cause 
all sections move nearly the same mean rate and keep level 
rising descending. will result little lateral pressure 
the diaphragms abutment sections due differences head 
the two sides, and consequently but little friction will experienced 
the slots. are supplied diminish this friction. 

slots may protected flaps that nothing coarser than 
muddy water can enter, and-the pit may readily kept clean 
connecting its bottom with the conduit, that whenever the dam 
worked, the sediment may stirred and 

Remarks.—Some two years since the author submitted sketch 
bear-trap dam the engineer officer charge the district, the late 
Colonel Gregory, which was proposed introduce the water 
intervals under the dam, through perforated pipes leading out 
chambers built the up-stream part the foundation; each pipe 
being controlled valve, that the supply might regulated 
will the necessities required. The outlets were also governed 
valves. Lateral pipes were connected with the main conduits, 
fully distribute the water, the orifices which became more frequent 
the distance from inlet and outlet increased, the object being dis- 
charge equal quantity water under all parts the gates. The 
chambers out which the conduits opened were covered Thenard 
counter-shutters, having gratings hinged the up-stream wall the 
chamber. When the shutters were raised, the free ends the gratings 
also came up, and, while permitting copious flow water into the 
chambers, prevented the entrance drift and débris. The shutters 
were started upward pressure from accumulator, special 
mechanism operated from the lock wall, when the current completed 
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grating mentioned. The raising these shutters contracted the water- 
way and formed the initial head required start the bear-trap gates. 

The several chambers communicated with each other and with cul- 
verts the pier and lock wall, that after the bear-trap was the 
chambers were closed the top and received their supplies through 
the wall valves, which were small size, and not capable filling the 
chamber rapidly when raising the dam. Each set valves worked 
independently simultaneously, desired, levers attached 
rods the culverts connecting the chambers for the filling valves, 
and similar mechanism conduit for the discharge valves. 

Lift Dam.—Water may applied assist raising dam the 
following manner: 

the foundation are constructed number wells, trench, 
which float hollow cylinders, water-tight caisson. these 
cylinders, the caisson, constructed suitable framework, 
which the leaves the dam rest, and their buoyancy just such 
will counterbalance the weight the framework and dam when 
down and the water certain depth. increase the depth 
water over them when down simply settles them and the framework 
the foundation. decrease will cause them rise, will also the 
application power. 

Drum 
Desfontaines.—M. Desfontaines, Chief Engineer the Marne River, 
France, invented what known the wicket about 1860. 
has had wide application upon the 
weirs Chanoine dams. These 
wickets are ft. wide and ft. 
high above the sill, and revolve 
horizontal axis, which divides their 
height into two nearly equal parts, 
the lower which turns semi- 
cylindrical recess the masonry, 
iron sunk into the foundations. 


tween this recess and the upper pool, the dam raised; and con- 
necting with the lower pool, lowered. All this done the 
turning plug the bank. 
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Dams the Main.—This system has found great favor Germany, 
where the dimensions the wickets have been greatly increased, and 
Schweinfurt there was built, 1873, the Main, wickets ft. 
wide, supporting head 5.90 ft. the sill. The under shutter 
placed right angles tothe upper one, and not inthe same plane. 
Prussia there was built, 1880, the Kuddow River, pass mill 
dam, the wickets which are ft. wide and 5.90 ft. above the sill. 
1884 there was put the Spree, just below Berlin, pass ft. 
wide, and having 9.18 ft. the sill. This wicket is, therefore, 18.36 
ft. wide (Figs. 1886 there were built, the Main, passes 
39.4 ft. wide, which have the sill. These dams can opened 
under full head the moving lever, and immediately raised 
against the rush which follows. 
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Cuvinot.—The system proposed Cuvinot attempt 
improve upon the Desfontaines wickets reducing the length the 
counter-wicket, decreasing the loss pressure water passing 
through the drum, making the wickets independent each other, 
and giving them greater stability. The sill the weir ft. 
ins. above low water. One semi-cylindrical and two rectangular con- 
duits are built into the masonry. The up-stream one connected 
with the upper pool, and the lower one with the lower pool. The 
middle divided diaphragm into compartments the length 
the wicket and supporting the axis the counter-wicket. The two 
arms the counter-wicket are prolonged into props provided with 
friction rollers. The diaphragms also support the axes the wicket. 
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Each compartment communicates with the upper conduit hole 
which always remains open. They are put communication with 
the lower conduit the operation valve. 

When the pressure turns the counter-wicket, the props take the 
wicket reverse, making describe angle Suppos- 
ing the dam down, and the valves connecting with the lower conduit 
closed, there equality pressure each face the counter- 
wicket. When the valve opened, the pressure face relieved and 
the wicket set up. The valve now closed, and the equilibrium 
reinstated. The wicket presses the rollers and carries the counter- 
wicket back its first position falls down itself. order 
permit this lowering, necessary have water communication be- 
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tween the two faces; that is, the counter-wicket does not make 
water-tight connection, but permits leakage, the only maneuver- 
ing necessary that the valve. The compartments render the 
operation each wicket independent all others. The raising 
done reverse order. Inadam such that Joinville, the counter- 
wicket ft. below the sill. this system the depth would 

Chittenden.—The project for the improvement the Osage River 
the construction movable dam the drum type invented 
Captain Chittenden, Engineers, has been approved. The 
proposed dam thus described: The dam rests pile foundation 
surmounted timber grillage which rests water-tight floor 
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4-in. plank. The second row piles the up-stream side con- 
sists triple thickness sheet piling reaching entirely across the 
river line with the sheet piling under the lock. extends 
downward reference ft., and will cut off the under flow the 
river for ft. beneath the river-bed. The foundation the dam 
proper 25.5 ft. broad, and the structure forming the apron the 
dam, also resting piles and joined the main foundation, 16.5 
ft. wide, giving total breadth base ft. (Figs. and 12). 

The greatest possible relief the dam, difference elevation 
between the upper and lower pools, This, however, ex- 
plained the discussion the strains the gate, can very rarely 
occur. fact, when the present work opening direct connec- 
tion between the Osage River and the Missouri, near Cote sans 
Dessein, finished, the lower pool cannot fall below 105 ft. during 
the navigation season, giving relief only the prepara- 
tion these plans, however, and determining the strains upon the 
gate, possible maximum relief ft. has been assumed. 

Upon the foundation just described rests iron framework con- 
sisting two parts, Dand which, with the con- 
crete mass forms the fixed weir. The frames 
every 5ft. The frames occur every ft. 

and sustains the pressure the concave surface also sup- 
ports the upper end the apron and when the gate closed 
for repairs, supports also part the weight the gate and 
the pressure the bulkhead WX. The frame sup- 
ports the movable part the dam and forms the upper wall the 
chamber. The wooden partitions and are water tight. The 
concrete mass forms the impervious barrier the fixed 
weir and supplies the weight necessary the stability the whole 
structure. 

The apron the dam, like the main structure, rests upon piles, 
and not liable undermining from the agitation the water below 
the dam. The space beneath left vacant, except filled with 
back water from below, with the sediment that may collect there. 
The escape water from the chamber and from the interior 
the gate passes into this space. The superstructure, movable 
portion the dam, sector circle cross-section. The 
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subtended degrees minutes. consists interior iron 


frame-work with wooden exterior ABC. The upper face 
air tight. The lower face water tight, and the cylindrical 
face air tight about two-fifths the distance from The 
ends each section the gate are closed, and air tight from down 
about one-third its height. The gate held the hinge 
When the gate operation, supported water pressure and 
the pin When not operation, falls into the chamber 
and rests against the stop 

The triangular space longitudinal culvert which 
water conveyed from the chamber order that the 
pressure the water may applied to, withdrawn from, the face 
the gate, uniformly throughout its entire length, the connection 
opening extending the entire length the gate. 
slightly exceeds that 

The piers separating the sections contain the culverts and valves 
rectangular culvert ft. ft. enters centrally from the upper end 
each pier and passes out the lower end. intersected the 
center the pier cross culvert trapezoidal cross-section, but 
the same area. heavy iron girder, imbedded concrete the 
ends, cuts both culverts two diagonally their junction, 
restrict communication through the up-stream culvert the chamber 
the right the pier, and that through the down-stream culvert 
the chamber the left the pier. The culverts are closed sliding 
valves operated oil cylinders actuated from shore. 

The operation the gate follows: The outlet being 
closed, the inlet valve opened. The head the upper pool 


sufficient head raise the gate, except certain contingency 
considered further on. 


Its entire area 


the gate rises and approaches its nor- 
mal position when up, not brought rest stop, but 
closing the inlet valves, or, automatically, the escape water 
RQisa grate ft. long. There are seven these each sec- 
tion. Their combined free space for the flow water about sq. 
ft. The area the inlet culvert ft. When passes above 
water begins escape, and the outflow increases the farther the 
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gate rises. the time reaches the outflow through the grate, 
with the leakage other points will fully equal the inflow, and the 
gate will cease rise. gradually closing the inlet valve, the gate 
will settle back its normal position when just below The 
valve then left this position and the friction the gate will pre- 
serve balance forces. Ordinarily the gate would stopped 
the operator when has reached its normal height, but case in- 
advertence carelessness, harm can result, for the gate will 
come automatically rest without shock sudden stop, just ex- 
plained. 

the contingency already referred to, when there will not 
sufficient initial head raise the gate, the air necessary for the expul- 
sion sufficient water from the interior the gate give the 
requisite buoyancy rise still water supplied through 2-in. 
pipe leading from each section air pump onshore. These pipes, 
with those conveying oil the valve cylinders, are buried the con- 
crete mass, shown the drawings. The operating room, house 
cover the air and oil pumps, will located close the head walls 
the lock the shore side. 

For the purpose making repairs any section, bulkhead may 
erected, supported the frame and the gate, through 
struts. The gate supported and braces resting the 
apron and against the circumference gate. closing the upper 
valve and opening the lower, the structure uncovered down the 
level the lower pool. closing the lower culvert also, and apply- 
ing pump, the entire structure rendered accessible. 

The gate will never kept after the upper pool reaches stage 
ft. above its crest. The piers will not form obstructions drift, 
drift does not begin run the river until they are entirely sub- 
merged. times, their location will marked buoys, for 
the information pilots. The cost the dem, with liberal allow- 
ance for every item, trifle under $120 000, $140 per lineal foot. 


Dams. 

Under this heading will collected several types dams which 
have come under the author’s notice, but which have not, far 
knows, been applied any great extent. Several them contain ex- 
cellent suggestions the engineer employed this class work. 
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This dam, proposed Petitdidier, consists solid dam 
wood, ft. wide and ft. deep, well fastened together with irons and 
moving and down cavity with vertical sides provided with 
friction rollers, the motive power being heavy counterpoises each 
end. The counterpoises were hung that high water they were 
submerged and their loss weight, thus caused them 
rise and the dam descend into its chamber automatically, thus open- 
ing the pass. When the water falls, the counterpoises again raise the 
dam. crib built around the counter-weights for their protection. 


WICKETS 


This system, the invention Chief Engineer Krantz, was first pro- 
posed 1868, and use the Port Villez dam. consists 
lockette and dam proper, which includes pontons with upper wickets 
and valves, and water conduit. The dam raised and lowered 
pontons. ponton hollow, rectangular body built sheet iron, 
and water tight. floats the conduit, and swings from hinges near 
the top the down-stream side the conduit. its upper up- 


‘stream corner the wicket swings. The Port Villez pontons weigh 


405 lbs. and displace 839 water. They therefore tend 
rise with force 434 

The section the dam may ft. long. There must 
lockette each end each section. The lockettes are large iron 
boxes, connecting valves with the upper and lower pools, and, 
opening, with the conduit, which they furnish with water. con- 
duit, trapezoidal form, extending ft. ins. below low water, runs 
the whole length the dam. distributes the water different 
pressures all parts the dam. 

When the dam down, the ponton submerged the conduit. 
The wicket lies flat and covers it. The moment buoyant effort 
the ponton rendered sufficient raise the ponton the pressure 
water turned into the conduit way the lockette from reservoir 
the bank. This reservoir filled from the upper pool when the 
dam up. The ponton rises proportion the amount water 
turned into the conduit. the ponton rises, the wicket emerges from 
the water, and the flutter-valve the chaseswings open. This causes 


at 
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the greatest water pressure the breech, and the wicket swings 
upright position and the flutter-valve closes. prevent the pontons 
from rising too high, lower the dam altogether, the down-stream 
valve the lockette opened. cause rise higher, the upper 
valve opened, that the level the pool may regulated will 
the valves. 

For this dam claimed that easily and speedily controlled 
human agencies, that automatically corrects variations level, 
rarely requiring attention, that the parts are strong enough resist 
any shock, that tight, applicable high lifts, and operated 
the aid natural forces. 


Brunot Dam. 


This dam, invented the Hon. Brunot, Pittsburg, 
similar the Krantz dam that hollow ponton the active 
principle the plan. The ponton long the opening the 
dam, with proportionate width and depth. The ponton fits into 
chamber the permanent portion the dam, and space conduit 
left underneath the ponton, into which the water the upper poal 
allowed flow when desired raise the dam, and from which 
the water escapes into the lower pool when necessary lower the 
dam. When the ponton down, its top even with the floor the 
dam. The ponton hinged its upper up-stream angle the up- 
stream edge the ponton chamber. shoulder fits over this hinge 
keep out débris. 

Mr. Brunot suggested two means operating his dam. The first 
was raise pressure under the ponton, caused connecting the 
upper pool with the conduit, and lower shutting off this con- 
nection and opening the valves into the lower pool, allowing the water 
escape, and shutting off the pressure from above. 

His second and better plan was fill the ponton with water the 
manipulation valve when was desired lower the dam, thus 
sinking the ponton and removing the obstruction the current; and 
when was desired raise the dam, pump out the ponton, thus 
allowing rise the chamber virtue its buoyancy. The 
ponton can pumped out the use turbine wheel well 


the abutment, turned the pressure the water the upper 
pool. 


qq 
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The dam Wm. Dechant, E., Philadelphia, consists 
improved wicket flushing board, intended for the pass the weir 
and for the comb permanent dams. chiefly useful conser- 
vator the water supply hot and dry weather. 

The wickets are great length, and are supported tension 
hinges, instead props, attached one-third the height the 
wicket. The wicket carries revolving bar which are fastened 
holding bars. These secure the steadiness the wickets. notch 
the end the wicket prevents the revolving bar from turning. 
When desired lower the wicket, the revolving bar forced end- 
wise beyond the notch, when revolves. The holding bars then drop 
down and the wicket falls down stream the pressure the upper 


pool. The hinge being one-third the height, the water catches the 
chase when the wicket starts 


rise and assists lifting 
vertical position. 


The maneuvers 
formed from caisson-operat- 
ing truck which rolls rails, 
one above and one below the 
wicket; that the dam-tender stands directly over the wicket. This 
truck should made iron, will then present less resistance 
the water. ‘‘It practicable and desirable,” says the inventor, 
use steam power the truck, this will render maneuvers rapid.” 


River 


Across the River Irwell, England, near Manchester, self- 
acting weir peculiar construction. series shutters turning 
central horizontal axis ft. width across the river, ft. wide 
above the axis, and ft. below, having total vertical height ft. 
above the floor are opened the water when rises ft. ins. above 
the crest. The shutters are inclined angle 35°, and revolve 
horizontal position when open. system chains attached the 
bottom the shutters wickets, and leading crabs each bank, 
may also used for opening. The dam has wickets, and was de- 
signed Mr. Wiswall (Fig. 13). 
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Dam. 


This dam, designed Lieut.-Col. Amos Stickney, Engineers, 
consists series structures standing upright recess the 
masonry, when not use, and capable being lifted the intro- 
duction water pressure the recess, shut off the flow 
river and forma dam. fully described its designer the 
Journal the Association Engineering Societies, Vol. XVI, 255. 


TRESTLE Dam. 


this design the author has attempted avoid the use needles, 
gates, planks curtains trestle dam, and relies wholly upon the 
trestles themselves for the retention the water, well for the 
support its pressure. The trestles may raised and lowered pre- 
cisely are other trestles, with special arrangement similar 
that used the needle dam the Big Sandy River Louisa, Ky. 

Description.—The dam consists number A-shaped trestles 
set adjoining each other across stream, the up-stream faces 
legs which, connection with sill, which also protects the 
trestles when down, hold back the water. The two legs each trestle 
are connected the top, where they are placed close together, and 
the bottom they terminate eyes which are connected pins 
journal boxes attached the masonry. braces may con- 
nect the two legs intervals, being placed the side the trestle 
which next the masonry when lying down, and these may con- 
structed fit between the legs adjoining trestle when up, 
thus forming brace both sides the frame; but the author would 
not recommend this construction, preferring build the trestles 
that they will stand all strains without assistance from bracing any 
sort (Fig. 14). 

The up-stream member each trestle frame channels suit- 
ably arranged and covered with plates riveted on. The edges these 
plates touch each other adjacent trestles when standing, and may 
either extend slightly over the channels, the latter may set flush 
with flanges toward each other. The latter construction gives thicker 
wall through which the water must pass leaking. Wood may 
inserted the back the channels when exceptional tightness 
desired. The down-stream post may similar the up-stream one, 
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may latticed, even consist single member like the prop 
the bottom each post piece with eye, bent 
have the part containing the eye stand vertical, riveted the 
frame, and these are connected pins journal boxes the floor. 
These boxes have their eyes centered greater distance from the 
floor than one-half the width the trestle face, that the trestles 
may turn without binding. The upper box imbedded the sill. 
space left open between the lower boxes for the escape water 
and assist keeping the floor clean. The sill closely fits the 
upper face the trestles the point where the angle made with 
the eye-pieces, prevent leakage. idler can also intro- 
duced here, desired, for this purpose and prevent the collection 
gravel. The construction may such permit overflow, 
wicket and gate dams, walkway may provided needle 
dams. the latter case simple leaf hinged the top each 
trestle, and when use opening stream, may used connection 
with the top the trestles. When not use folds over the top 
the trestle, out the way. top the trestle will from 
ins. wide, the hinged walk can very narrow, the trestle itself 
answering for most the walk required. the head each trestle 
located sprocket wheel for use connection with the 
ing chain. This wheel turns shaft attached the frames. 
one edge the wheel and forming part ratchet. pawl, 
having tooth which may fit loosely into this ratchet one end, and 
have the opposite end formed into rounded wedge, pivoted 
readily lifted out the ratchet depressing the wedge end. 
This depression takes place just the trestles become vertical 
raising, the rounded end being drawn under stop projection 
the adjacent trestle made for the purpose. long the trestles 
remain touching each other this stop will hold the tooth the pawl 
out the ratchet and the wheel free turn. Leta trestle begin 
incline descend, and the pawl, being released from the stop, im- 
mediately falls into the ratchet and arrests the movement the 
wheel. The pockets the wheel are made fit chain used for 
raising and lowering the trestles, and this chain cannot move without 
also moving the trestle when the pawl the ratchet. 

addition the maneuvering chain, which may connected 
with disconnected from the trestles will, there is, between each 
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adjacent trestle, few feet chain called the fixed chains. These 
chains are fastened the trestles eye-bolts, and their length 
determined the number trestles desired raise simul- 
taneously—that is, the power the crab; but they must 
sufficiently long permit the trestles lie flat when down. Just 
above the round end the pawl each trestle riveted small 
piece, the purpose which prevent this fixed chain from de- 
pressing the end the pawl, and thus releasing the connection between 
the trestle and the maneuvering chain. Should this occur, however, 
through any cause, the fixed chains will still bring the trestles up, 
that they can properly connected with the maneuvering chain. 

Maneuvers.—On the lock located chain crab for maneu- 
vering the pass, and similar crab the pier for the weir. The 
chains which pass over the sprocket wheels the trestles come 
this crab. The last trestles the pass and weir are made fast the 
ends the chains. 

The methods lowering and raising are the same for the pass and 
the weir, and the latter only will described. lower the dam the 
trestle next the abutment unhooked from the masonry and pulled 
toward the abutment, the chain being unwound the same time 
the crab the pier, until tightens the fixed chain between and 
the next trestle and startsthat trestle downward. occurs, the 
pawl will engage with the ratchet, and lock the next the last 
trestle the chain. The unwinding goes continuously, and when 
the next fixed chain stretched will start third trestle, and 
until all are down. 

raise the trestles the chain the crab wound in, bringing 
the first one (being the last lowered) and starting several others. 
When the first becomes vertical and strikes the masonry, its pawl 
lifted out the ratchet stop made for the purpose, and thus the 
trestle released from the chain without stopping the crab. The 
continuation the winding brings the second trestle which 
released from the chain when its pawl strikes the stop the first. 
All trestles are thus raised, after the first, winding length 
chain equal that the short chains connecting the trestles. Where 
continuous chain not used, the trestles may raised and lowered 
precisely are those wicket and needle dams, each trestle being 
connected with its neighbor brought up. 
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regulate the pool, either case, only necessary lower 
sufficient number trestles the weir next the abutment. the 
trestles next the abutment, which are most liable used for pool 
regulation, the fixed chains may lengthened give less load 
the crab order that the operation raising may performed 
the watchman alone night when necessary. 

Advantages Claimed.—The advantages claimed for this style dam 
over those formed needles, gates wickets are: 

The dam, being raised and lowered across the current, can 
operated either wholly partially under great heads water with 
two three men. 

raising, the dam complete when the trestles are up, while 
other forms has but commenced. therefore more rapidly 
raised; the lowering also more rapid. 

There nothing left standing catch drift after the lowering 
begins. 

There are extra parts care for when lowering when not 
use. 

There danger operatives the maneuvers. 

there double construction the foundation narrow; hence 
the cost reduced. 

The leakage will very little there are few joints. 

submerged, will act fixed dam without injury itself. 


Dam. 


The dam here described was designed the author several years 
since, the suggestion the late Colonel William Merrill, Corps 
Engineers, and with his assistance; the object view being 
obtain dam having all the good points Chanoine wicket without 
the objectionable features prop and hurter, and raising 
against the current (Fig. 15). 


Description.—The description accompanying the design 
follows: 


the modification herewith submitted the axis the wicket 
remains the same the Chanoine pattern, but the horse and prop 
are held rigidly together the top, and each hinged the floor 
the bottom, thus forming trestle which, instead lying down with 
the current the Chanoine type, lowered across the stream. 
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The operation lowering and raising can thus performed from the 
lock pier without placing obstructing mechanism the chute. 

The wickets are built practically the same are those Chanoine 
dams, but placing they may located closer together than the 


latter, they will not thrown out their plane oblique 
traction. 


The horse and prop, has been said, are combined one con- 
struction forming trestle which lowered and raised across the cur- 
rent. The lower leg the trestle makes angle 38° with the 
horizon. There are two these little trestles each wicket, their 
heads being connected axle having suitably shaped jaws 
receive them. The ends this axle are turned journals upon which 
the wicket turns journal boxes attached it. The legs the 
trestles are made with forged eyes each extremity, and the trestles 
are spaced that when lying down one will within another. 
the bottom the legs are connected pins suitable boxes attached 
the floor, the up-stream ones which are made part the sill, 
against which the bottom the wicket rests when the dam up. 
This sill cast 9-ft. sections which are securely bolted the 
masonry, into which they are sunk.” 

Maneuvers.—Originally was proposed raise and lower this 
dam traveling crane, the wheels which rolled rails running 
parallel the sill, one above and one below the wickets, but the 
objection was raised that these tracks would become imbedded 
gravel cause derailment. was then proposed locate massive 
hydraulic jacks the masonry which the wickets would 
pushed down, after having been put onthe swing, the pushing 
the first one moving all the others, reason certain buffers placed 
between them, until all lost their balance and went down. The 
ing could accomplished the arrangement described for the 
trestle dam, separate chains for each wicket, connected 
maneuvering boat. However, the author has doubt that travele 
ing crane can arranged clean the track ahead itself 
and work with satisfaction all the maneuvers, not only this type 
dam, but the Chanoine well. can either self-propelling, 
can move winding rope attached the masonry. 

Advaniages.—It believed the author that the suppression 
the hurter and sliding prop, the ability lower and raise without the 
necessity pulling the wickets against the current, the increased 
stability the wicket, the tightness with which the dam can built 
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and the decrease width foundation, and consequent cost, are all 
advantages over the original type. 

Disadvantages.—The necessity for putting the pass wickets the 
swing before lowering, is, the author’s opinion, serious objection 
all streams carrying much drift, and, although this method fol- 
lowed extensively France, the practice this country throw 
the wickets pulling stream the top until the prop drops into 
the sliding chute, and then releasing the wicket, order avoid the 
lodgment drift the horses. 


Dam. 


Mr. Walton Venable, the Great Kanawha service, has devised 
ingenious shutter dam, which proposed operate from tunnel 
the foundation. His description given herewith; the term 
being substituted for wicket the orginal accord- 
ance with the generally accepted definition made Merrill, 
his original study the subject, that those gates hinged one 
edge end were shutters while those hinged some point between 
the ends should called wickets (Fig. 16): 


shutters are small width ft.) hinged the lower end 
the foundation ofthe dam. designed, intended that the dam 
shall operated from water-tight tunnel subway, which may 
entered from the lock wall. Each the shutters which form the 
dam held prop, the free end which rests movable 
seat that may drawn upstream applying power rod 
fastened the seat and passing through tube which opens into the 
tunnel. the shutter, the raising rod connected rope 
chain suitable form hoist, and slowly drawn until the 
shutter reaches its proper height, which point lug the raising 
rod falls into notch fastened the cylinder and there held. 
lower the dam only necessary raise the lug from the notch with 
bar, and the shutter thus freed will settle into place the 
foundation. power, compressed air would probably the best. 
The ease with which may stored and the simplicity the ma- 
chinery for utilizing it, for use about the lock gates, 
well for raising the dam. The arrangement for using steam hoist 
would very simple one. 

the advantages claimed for the tunnel dam are fol- 
lows: The quickness with which might raised lowered; the 
time required for raising would fully one-half 
that required for raising the Chanoine dam, and the time required for 
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lowering could reduced few minutes, necessary. The ques- 
tion time often very important one quick-rising western 
rivers. The tunnel dam would almost free from danger drift 
and ice, which give much trouble dam using the swing wickets 
and Poirée trestles. 


The safety men employed and the economy labor are im- 
portant items favor the The tunnel dam would 
much cheaper than the Chanoine, built the Kanawha, and 
believed that will compare favorably cost with those planned 
for the Ohio, which the bridge not used. 

cost tunnel dam, with the depth foundation shown 


the plan, would about $95 per lineal foot (coffer-dam and excava- 
tion not 


Remarks.—The return the principle Thenard hinging the 
shutter the bottom instead some point above not back- 
ward step, fact, although would seem such. all drift-bearing 
streams the author believes the correct idea. There dam 
employed which offers little obstruction drift when being lowered 
one made shutters. The difficulty with this class dam has 
been the great resistance encountered raising against the current. 
long the power must applied from boat foot-bridge, the 
shutters must necessarily only such width can raised with 
comparatively light machinery. Now that proposed apply the 
power from point safety, with ample anchorage, the ability 
raise shutters immense size need not questioned. The author 
has suggested the inventor the desirability operating the dam 
with machinery, outside the tunnel, the walls, actuating suitable 
appliances placed the tunnel; for instance, shaft carrying chain 
wheels opposite each cylinder, driven gearing the wall, the 
chains being placed successively the wheels, those wheels farthest 
from the power being raised first; continuous chain passing 
through the tunnel, and from which the raising chains are success- 
ively attached and detached, the main chain going over chain crab 
the wall. also believed that system levers tripping-bar 
can arranged which the lowering can accomplished from the 
walls rapidly desired. 


CoNCLUSION. 


The author desires apologize for mentioning many untried 
devices and ideas hisown. has originated several types dams; 
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either which believes can made successful when properly ap- 
plied, but has only described two these this paper. Frequent 
reference has been made his trestle dam, not because desires 
advertise for pecuniary advantage, but because believes 
the best solution the problem yet presented, all things being con- 
sidered. this may mistaken, but intelligent application 
will required settle the matter. Realizing the fact that, 
Janicki has well said, there legitimate timidity felt 
practical engineers applying large scale system which its 
novel combination has nowhere yet been tested,” the author has made 
modified designs some the present forms, Chanoine, Thenard, 
Poirée and Boulé, with view their application higher lifts, and 
these modifications include devices for raising and lowering the two 
former and the trestles the latter from the walls, from conduits 
the foundation. design for high-lift, wide-span needle dam, 
the needles being below line with the lower part instead 
above the trestles, applicable passes great length, now under 
way. has also devised many appliances for facilitating the 
maneuvers and bettering the construction some the types 
dams now use, including several forms tripping apparatus for 
wickets, escapements and methods placing, for needles, etc., etc. 
far seemed practicable paper purporting describe the new 
well the old, the experimental well the approved, the author 
has refrained from presenting these wholly untried suggestions until 
they should have fair test. Many them may discarded, after 
mature consideration, without trial their worth fitness; others 
may never find the opportunity application. The object view 
has been suggest certain modifications and ideas with view 
their development those having occasion design construct 
dams. 

this paper succeeds bringing out full discussion the in- 
teresting problems connected with the subject movable dams, the 
author will have done all desires the matter; for such discussion 
bound develop sentiment among engineers, legislators, navi- 
gators and the general public favor the abandonment the old, 
obstructing fixed dams, well the low-lift movable dams, and the 


construction high-lift dams modern ideas reasonable cost 
the future. 
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MINUTES MEETINGS. 


THE SOCIETY. 


Wednesday, March 2d, 1898.—The meeting was called order 
20.20 o’clock, President Alphonse Fteley the chair; Charles 
Warren Hunt, Secretary, and present, also, members and 
visitors. 


The minutes the meetings February and 16th, 1898, were 
approved printed Proceedings for February, 1898. 


paper Joseph Mayer, Am. E., entitled Eco- 
nomic Depth for Canals Large Traffic,” was presented the 
author. Correspondence the subject from Messrs. Frizell, 
Raymond and Thomas Symons was presented the Secre- 
tary. The paper was discussed orally Messrs. Craighill, 


Sherman Gould, George Morison, Edward North and Emer- 
son Foote. 
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Ballots were canvassed, and the following candidates declared 
elected 
MEMBERS. 


Joun Pittsburgh, Pa. 

Burns Natchez, Miss. 
Lewis Harrison, Lockport, 
Horace Medford, Mass. 
ARCHIBALD St. Paul, Minn. 
Ernest Kay Chicago, 

Kansas City, Mo. 

Aaron Twyman, Pullman, 


MEMBERS. 


Henry Fitchburg, Mass. 
New York City. 

Joun Hoyt, New York City. 

JERE CHAMBERLAIN Detroit, Mich. 
Evarts Low, Brooklyn, 
St. Louis, Mo. 


The Secretary announced the election the Board Direction 
March Ist, 1898, the following candidate 


JUNIOR. 


The Secretary announced the death elected 
Member May 2d, 1883 died January 24th, 1898. 
March 16th, 1898.—The meeting was called order 20.20 o’clock, 


Vice-President Edward North the chair Charles Warren Hunt, 
Secretary, and present, also, members and guests. 


Dams,” was presented the Secretary, together with correspond- 
ence the subject from Messrs. Frizell, Chittenden, 
Arthur Bowman and Watt. The paper was discussed orally 

The Secretary announced the death 
elected Member July 5th, 1882; died March 11th, 1898. 


Adjourned. 
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ANNOUNCEMENTS. 


THE BOARD DIRECTION. 
(Abstract. 


March 1st, 1898.—President Fteley the chair, Chas. Warren 
Hunt, Secretary, and present, also, Messrs. Deyo, Hering, Just, Mori- 
son, North, Owen, Parsons, Schneider, See and Thomson. 


The Secretary was directed forward mailing list the Society 
the Chief Engineers, A., with request that copy 
Major Symons’ report the canal question forwarded each 
member the Society. 


letter was presented from the President and Secretary The 
Institution Civil Engineers, with regard proposed courtesies 
extended that Institution members this Society who 
may visit England during the International Exhibition, held 
Paris 1900. suitable reply was arranged for.* 


The Library Committee was requested secure set photo- 
graphs the exterior and interior the New Society House. 


Action was taken regard division the territory occupied 
the membership the Society into seven geographical districts, 
required Art. VII, Sec. the Constitution. 


Applications were considered and other routine business trans- 
acted. 


Adjourned. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society will open every day hereafter from 
o’clock, except Sundays, when the hours will from 


INTERNATIONAL EXHIBITION, PARIS, 1900. 


For the benefit members who contemplate visiting the Interna- 
tional Exhibition, held Paris 1900, the following correspond- 
ence published. 


See page 60. 
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Great George Street, Westminster, W., 
1898, 


THE AMERICAN ENGINEERS, 127 East 


Gentlemen,—In view the intended International Exhibition 
Paris, the year 1900, has appeared the Council this Institu- 
tion not unlikely that some the members your Society may visit 
Europe more less organized party that year. 

are desired the Council this Institution say that, should 
such step taken, and should your members able visit Eng- 
land, the Institution Civil Engineers would wish welcome its 
professional brethren the United States with warm greeting, 
receive them the house the Institution, and such other ways 
may found agreeable take advantage such valued oppor- 
tunity testifying their regard for the members your Society. 

have the honor be, gentlemen, 
Yours very faithfully, 
Barry, 
President. 
Secretary. 


220 West 57th Street, 


New 3d, 1898. 


SECRETARY THE INSTITUTION ENGINEERS, GREAT GEORGE 


Gentlemen,—Your communication February 1898, addressed 
the President and Council the American Society Civil Engi- 
neers, extending the courtesies the Institution Civil Engineers 
our members the occasion the intended International Exposi- 
tion Paris, the year 1900, was acknowledged the Secretary 
upon its receipt, and was presented the inst. the Board 
Direction the Society. 

impossible state this early date whether party will 
organized for visit the Exposition, without doubt many our 
members will visit Europe that time, and our membership will 
duly notified your kind invitation. 

behalf the Board Direction, which directed do, 
and our members, beg return our sincere thanks for your 
courteous invitation, and assure you that those our members who 
are fortunate enough able visit England 1900, whether 
organized party their individual capacity, will most happy 
avail themselves your hospitable offer. 

Yours very 


President. 
Warren 
Secretary. 


| 


ANNOUNCEMENTS. 


ENGINEERING COMPETITION. 


The Secretary has received from Mr. August Peterson, Vice-Consul, 
Sweden and Norway, notification that competitive designs are invited 
for the arrangement new Railroad Stations, Junctions, for the 
City Stockholm. 

The first prize 000 Swedish crowns (about 230); the 
second, Swedish crowns (about and the third, 4000 
Swedish crowns (about 075). 

The time for competition will expire noon August 31st, 1898. 

Particulars concerning the nature the work will furnished 
the Swedish-Norwegian Legation, 2011 Street, Washington, C., 
the Vice-Consul Sweden and Norway, Mr. August Peterson, 
Droit Building, corner and Eighth Streets, Washington, 

Security the amount $13.50 for the use drawings required, 
but this will refunded when the drawings are returned. 


MEETINGS. 


Wednesday, April 6th, 1898, o’clock, regular meeting will 
held, which paper George Hill, Assoc. Am. Soc. E., 
entitled Concrete Construction,” will presented. 
printed this number Proceedings. 


Wednesday, April 1898, o’clock, regular meeting will 
held, which paper James Ritchie, Am. Soc. E., en- 
titled The Construction the Lorain Dry Dock and Shipyard the 
Cleveland Ship-Building Company,” will presented. printed 
this number Proceedings. 


Wednesday, May 4th, 1898, o’clock, regular meeting will 
held, which paper Ogden, Jun. Am. Soc. E., en- 
titled Flushing Pipe Sewers,” will presented. printed 
this number Proceedings. 


DISCUSSIONS. 


Discussion the paper Joseph Mayer, Am. Soc. E., en- 
titled The Economic Depth for Canals Large Traffic,” which was 


presented the meeting March 2d, 1898, will closed April 15th, 
1898. 


Discussion the paper Thomas, Am. Soc. E., en- 
titled Movable Dams,” which was presented the meeting March 
16th, 1898, will closed May 1898. 
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Henry Prospect St., Fitchburg, 
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Angeles, Cal. 
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BENJAMIN FRANKLIN THOMAS...... Box 670, Pittsburg, Pa. 
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ADDITIONS 


LIBRARY AND MUSEUM. 


From Alabama Industrial and Scientific 
Society: 
Proceedings the Society for 1897, Vol. 
Part 


From the American Institute Mining 
Engineers: 
The Michigan College Mines. 
The Origin and Mode Occurrence 
the Lake Superior Copper Deposits. 
Some Statistics Engineering Educa- 


tion. 
The Efficiency Built-Up Wooden 
Beam: 


Emery, Chrome-Ore and Other Min- 
erals the Villayet Aidin, Asia 
Minor. 

The Influence Antimony the Cold- 
Shortness Brass. 

Study the Elimination Impuri- 
ties from Copper-Mattes the Re- 
verberatory and the Converter. 

Automatic Feed-Device for Gas 
Producers. 

Note Limonite Pseudomorphs from 
Dutch Guiana. 

The Ultimate and the Rational Analysis 
Clays and Their Relative Advan- 
ages. 


From L’Assocjation Amicale des Anciens 
Eléves Centrale des Arts 
Manufactures: 

Annuaire, 1897. 


From the Canadian Society Civil Engi- 
neers: 
Address the President, Keefer, 


Annual Meeting, January 12th, 


From Commissioners Topographical 


Survey, Boston, Mass.: 
Report for the Year 1897. 


From Continental Iron Works, New York: 

Catalogue for 1898. 

From Alston Ellis, Director: 

Tenth Annual Report the Agri- 
cultural Experiment Station Col- 
orado for the Year 1897. 

From the Engineering Association the 
South: 

Proceedings; March, 1898. 

From the Engineers’ Club Cincinnati: 

Secretary’s Report for the year ending 
December 23d, 1897. 

From Feret, Boulogne-Sur-Mer, France: 

Etudes sur Constitution Intime des 
Mortiers Hydrauliques. 

Griffin Machine Works, Buffalo, 


Series Tests made January 
1898, Special Quality Chilled Iron 
Wheels, made the New York Car 
Wheel Works, Buffalo, 


From Harvard University, Cambridge, 
Mass.: 


Annual Reports the President and 
Harvard College, 1896- 


From Rudolph Hering, New York: 

Report the Filtration the Nuuanu 
Water Supply Honolulu, 

Six copies Sewerage 

Report Accompanying Plans for the 
and Drainage Honolulu, 

Reports Joint Committee Concern- 
ing Park River Sewerage and the 
General Sewerage System the City 
Hartford. 

Third Annual Report the Board 
Public Works, City Duluth, Minn., 
for the year ending 28th, 
1890, including Report the Ex- 
tension the Sewerage Works, etc., 
Rudolph Hering and Andrew Rose- 
water. 

concerning Sewerage System 
the City Hartford, April 17th, 1893. 

Report the Joint Committee 
Water System, etc., the City 
Colorado Springs, 1893. 

the City Binghamton, Y., 1892. 
Annual Report the Commissioners 
Water-Works the City Erie. 
Report the Committee the Dis- 
Garbage and Refuse; reprint 
rom Transactions the American 

Public Health Association, 1897. 

Disposal Sewage. 

Water Purification; reprint from the 
Journal the Franklin Institute, 
February and March, 1895. 

Municipal Water Sup- 
plies. 

Report Sewerage Systems, 
with Special Reference the Needs 
the City Philadelphia, 1881. 

the City New London, Conn., 1885. 

Notes the Pollution Streams. 

Report Sewerage and Out-fall Sewer 
for Savannah, Ga., 1889. 

Annual Report the Board Public 
the City Superior, Wis., 

Report Sewerage System for the 

ity Trenton, J., 1885. 

the City Waterbury, Conn., 1896. 
Report System Sewerage for 

the City Wilmington, Del., 

Plans for Sewering and 

Improved Sewerage System, 


Annual Report the Board Street 
and Water Commissioners the City 
Newark, J., 1895. 

Hand-book the Annexation 
Hawaii, Lorrin Thurston. 

The Hawaiian Annual, 1898. 

Hawaii and the Changing Front the 
World, Hon. Procter. 

Annexation Hawaii, Hon. John 
Foster. 

The Hawaiian Islands: Their Resources, 


t 


Affairs. 


Agricultural, Commercial, and Finan- 
cial, issued under the Auspices the 
Department Foreign Affairs, 1896. 


From Clemens Herschel, New York: 

Fourth Biennial Report the State 
Engineer the Governor Colo- 
rado for the years 1887 and 1888, Parts 

Map the Dominion Canada. 

Ueber den Betrieb auf den 
Nord-America, Fr. Lange. 

Sixth Annual the Depart- 
ment Docks, New York City, for 
the Year ending 1876. 

Annual Message the President the 
Sanitary District Chicago for the 
Year ending December 1894. 

Concise Report the Organization, 
Resources, Constructive Work, 
Methods and Progress the Sani- 
tary District Chicago. 

First Annual Report the Water 
Commissioners the Town Ware, 
for the Year ending January 


Maps Delaware Bay and River; 
founded upon 
Survey under the Direction 
Hassler and Bache. 

Sixteenth Annual Report the Water 
Commissioners the City Taun- 
ton, Mass., 1881. 

Annual Report the 
Chief Engineer the Philadelphia 
Department for the Year 

Report the Commissioners Water 

188! 


Harbor New York, Appendix 
the Annual Report the Chief 
Engineers for 1886. 

the Annual Report the Chief 
Engineers for 1884. 

the Chief Engineers for 1885. 

Appendix the Annual Report 
the Chief Engineers for 1876. 

the Annual Report 
the Chief Engineers for 1891. 

Irrigation the United States, Re- 
Prepared Richard Hinton, 


Proceedings the Seventh Annual 
Convention the Association 
Railway Superintendents Bridges 
and Buildings, held Denver, Colo., 
October 19th. 20th and 2ist, 1897. 

Report the United States Board Ap- 
Test Iron, Steel and Other 

1881, Vol. 

American Water Works, 


Deeper Waterways from the Great 
Lakes the Atlantic: Reports 
the Canadian Members the Inter- 
national Commission, 1897. 

Third Biennial Report the State 
Engineer the State Colorado, 
for the Years 

Report the State Engineer the 

Colorado, for the Years 
1883 and 1884. 

Rapport Mémoire sur Nouveau 
par Poncelet. 

lete Works Count Rumford, 

ols. 
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Count Rumford, George 


is. 
Index the Library the American 
Civil Engineers, Part 


Annual Report the Engineer the 
City Newton for the Year 1883. 

the Nottingham and Leen 

alley Sewerage Board, 1875. 

Contributions our Knowledge 
Sewage, William Ripley Nichols 
and Allen. 

Complete System Household and 
Street Sanitary Engineering Under 
James Sargent’s Patents. 

Report the Committee Sewerage, 
transmitting the Report Phinehas 
Ball Disposal Sewage for the 
City Brockton, 1886. 

Drainage Towns and Buildings, 
Drysdale Dempsey. 

Drainage Districts and Lands, 
Drysdale Dempsey. 


From Frank Hodgdon and Good- 
nough, Boston, Mass.: 

Report the consisting 
the Harbor and Land Commission- 
ers and the State Board Health, 
upon the Restoration Green 
Harbor the Town Marshfield, 
Mass., January, 1898. 


From the Institution Mechanical Engi- 
neers: 
Proceedings, April, 1897: 
From the Iron and Steel Institute, London: 
Journal the Institute for 1897. 


From Keefer, Ottawa, Canada: 
Address the President the Cana- 
dian Civil Engineers, 
the Annual Meeting, January 1898. 


From Technischen 
schule, Berlin: 

Rede zum Geburtsfeste Seiner Majestit 
des Kaisers und Wilhelm 
der Aula der Techni- 
schen Hochschule Berlin 
Januar, 1898. 


From Hew Miller, New York City: 
Forty-three Specimens Different 
Woods, all from the Interior 
British Guiana. 


From the New England Cotton Manufac- 
turers’ Association: 
Transactions the Semi-Annual Meet- 
ing, held October, 1897. 


From New Engiand Free Trade League, 
Boston, Mass. 

Debate Equitable Protection, Be- 
tween David Lubin, Esq., and Hon. 
John Russell. 

From Patterson, Secretary: 

Proceedings the Seventh Annual 
Convention the Association 
Railway Superintendents Bridges 
and Buildings, held Denver, Colo., 
October 19th, 20th, and 1897. 

From and Poor, New York: 
Manual Railroads for 1897. 
From the Roadmasters’ Association 

America: 

Proceedings the Fifteenth Annual 

Convention, Held Old Point Com- 


fort, Virginia, Sept. 14th, 15th and 
16th, 
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From Roots Co., New York: 
Six Copies Two Separate Tests 
Fan and Roots’ Blower. 


From Rose Polytechnic Institute, Terre 
Haute, Ind.: 
The Rose Technic for January and 
February, 1898. 


From John Russell, San Francisco, Cal.: 
San Francisco Municipal Reports for the 
Fiscal Year 1896-97, ending June, 1897. 


delphia, Pa.: 

Breakwater Construction the Amer- 
ican Coast; Reprinted from the Pro- 
ceedings the Engineers’ Club 
Philadelphia, Vol. xiv, No. Octo- 
ber-December, 1897. 


From the Smithsonian Institution, Wash- 
ington, C.: 
Proceedings and Transactions the 
Nova Scotian Institute Science; 
Session 1896-97. 


From Traveling Engineers’ Association: 
Proceedings the Fifth Annual Con- 
vention held Chicago, Illinois, Sep- 
tember 14th, 15th, 16th, 17th, 1897. 


From Treasury Department, Chief 
Bureau Statistics: 
Statistical Abstract -the United 
States, 


From War Department, Chief 
Engineers: 

Fifty-two Reports the Survey 
Certain Rivers and Harbors. 

Two Copies Letter from the Act- 
ing Secretary War, transmitting 
Letter from Major-General Miles 
and Making Recommendations 
Regard the Care and Preservation 
the Fortifications and their Arma- 
ment. 

Sixteen Specifications for the Improve- 
ment Certain Rivers and Harbors, 
the Repairing Certain Boats, and 
Electric Lighting Plants. 


From the University Pennsylvania: 
Catalogue, 1897-98. 


From Henry Worthington, Y.; 
Edison Electric Co. 
Brooklyn, Y.: its Development 
and its Present and Future Work, 
Joseph Wetzler. 


BOOK NOTICES. 


HIGH MASONRY DAMS. 


88. New York, Van Nostrand Company, 1897. (Van Nostrand 


Science Series, No. 22.) 


This book replaces the original No. Van Nostrand’s Science Series, bearing the 


same title, Mr. John McMaster. 


the preface the author states that convinced that fruitless attempt 


adhere general formula for that great desideratum all economical engineering 
design, namely, Section Equal Resistance. The mathematical researches those 
who have investigated this problem have established vertical section, the basis 
which right-angle triangle base equal two-thirds three-quarters its 
height, that leading to, least looking towards, such 

Starting with this fact, the author,by well-known processes, determines the maximum 
compressive stress upon the material certain different heights, assuming both 
empty and full reservoir. The dangerous stress very high masonry dam being 
the crushing one, the author has written quite fully upon this particular stress; also 
unit stresses, where the resultant pressure cuts the base unsym- 
metrically. 

The concluding chapters are the Construction High Masonry Dams and Acces- 
sories Dams. seventeen figures diagrams illustrative the text. 


ARITHMETIC ENGINE. 


pp. New York, Van Nostrand Company, 1897. 


The author, the preface this work, states that the object the volume 
furnish clear and concise digest the fundamental principles the steam engine 
and the practical calculations based upon them. has not entered into the more 
abstruse mathematics the subject but believes that the book contains all that 
necessary solve the ordinary problems relating steam its applications the 
steam engine. The author’s aim has been put accepted facts accessible shape for 
practical use. 

The book contains chapters Heat, Steam. Under the latter heading are 
treated: Pressure and Volume, Combustion and Combustibles, the Efficiency the Steam 
Engine, Pressures, Horse Power, Indicator Diagrams and Compound Engines. num- 
ber practical examples are given and worked out arithmetically. table the 


Steam and table Hyperbolic Logarithms conclude the 
work, 
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AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS. 
Society not responsible, body, for the facts and opinions advanced 
any its publications. 
CONTENTS: 
Steel Concrete Construction. PAGE 
The the Lorain Dry Dock and Shipyard the Cleveland Ship-Build- 
ing Company. 
Pipe Sewers. 
STEEL CONCRETE CONSTRUCTION. 
seems hardly necessary write any prefatory note connection 
with paper this subject, reason the number papers already 
submitted, and the decided interest which universal among engineers 


the production economical fire-proof material for use under 
transverse stress. short intervals there have been submitted for the 
consideration the engineer combinations plastic material and steel 
concrete and steel, with the steel the form isolated rods and 
acting entirely tension; combinations concrete and steel, which 
the steel acts entirely tension and distributed throughout the 
bottom area the section, and combinations concrete and steel 
which the steel acts under transverse stress; each which methods 
claimed possess certain advantages. 


papers are issued before the date set for presentation and 
Correspondence invited from those who cannot present the and may 
sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 
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The present paper deals with that combination concrete and 
steel which the steel acts entirely tension, and which dis- 
tributed through the bottom section the slab. Theoretically, the 
best results are obtained from any combination this charac- 
ter where the entire compression taken the concrete, and where 
the metal employed placed occupy the position the 
extreme fiber the tension side. Theoretically, also neces- 
sary, order develop the full strength the metal, that should 
held place some means possessing greater strength than 
simple cohesion between the con- 
crete and the steel. The diffi- 
making any series tests for 
the purpose determining the 
laws governing the resistance 
such combinations, were known the fact that formula had ever 
been suggested which even approximately accounted for the extremely 
high resistance sections put place buildings and tested under 
concentrated loads. The companies interested the manufacture 
the materials used determined having series tests made which 
should devoted simply the ascertaining facts whether favor- 
able unfavorable, and the author was intrusted with the execution 
these tests. The results obtained seem sufficient value 
justify their presentation the Society, order that they may 
fully discussed and the real 


value the combination may 
generally known engineers. 


varying spans and thicknesses, 
both concrete and metal, but practically uniform width, were 
and designated the letters Cand Din Table These 
slabs were entirely independent all others, that the behavior 
the material each could independently observed. 

Cement.—The cements used were American Portland and slag 
cement. For the first these the manufacturers claim fineness 
90% No. 100 sieve, and 70% sieve, and which actu- 
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ally showed fineness No. 100 sieve, and 82% No. 180 
sieve. tensile strength neat cement, for seven days, 
400 lbs., and for parts sand part cement, seven days, 150 
lbs. was guaranteed. The tensile strengths under actual test exceeded 
the guaranteed amount considerably, the average tests giving 
624 The slag cement 
ness 97% 180 sieve, 
and showed fineness 99.5% 
No. 100 sieve, and 98% ona 
No. 180 sieve. For neat cement, 
seven days, tensile strength was claimed; for parts 
sand part cement, seven days, The slag cement ran 
very slightly below the amount claimed for neat cement. The fineness 


the grinding, however, matter very great importance, will 
shown later on. 


Sand.—Cow Bay sand, clean 
and sharp, unscreened, and 
varying sizes from moderately 
fine sand some pebbles the 
size white bean, was used. 


Cinders.—Ordinary steam cinders, varying size from dust 
pieces which would through ring, were used. Larger pieces 
were smashed the shovel. The cinders were delivered the barge- 
load for use adjoining building. 

Stone. —The stone used was trap, broken pass through 1}-in. 
ring, and practically uniform size. 
was too large give the best results for 
stone concrete, but was the only stone 
available. 

gravel used was clean 
washed, running size from ins. 

Metal.—The metal used was known 


expanded metal (Fig. made from high grade, low-carbon Bessemer 
steel, containing 0.008 carbon unannealed specimens, tested ten- 
sion with the grain, showing tensilestrength about 000 
Ibs., elongation about 15% and elastic limit Ibs. 
Tests made strands expanded metal, after having been subjected 
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strain the floor sections, showed average ultimate strength 
The expanding performed partially shearing through 
the sheet and extending the metal about percent. The strands 
which broke the work all cases broke point where the metal 
was bent secure the diamond shape the mesh. commer- 
cially designated giving the gauge the steel and the amount 
displacement between the junction the meshes, thus No. 10, 3-in. 
mesh, designates expanded metal made from No. steel which 
the displacement the bridge amounts ins., the axes the 
diamond being ins. and ins. When expanded, this size and mesh 
weighs 0.56 lb. per square foot and has sectional area per foot 
width 0.168 sq. in. and per inch width 0.014 the 
elastic limit then taken 000 the safe working strength 
per inch width would 200 

Expanded metal No. 6-in. mesh, made No. steel, which 
the meshes are ins. ins., its weight 0.94 lb. per square foot, 
which equals 0.282 sq. in. cross-section per foot width, corre- 
sponding 0.023 sq. in. per inch width, working strength 
330 Ibs. per ineh width. 

building the slabs, the expanded metal was usually put down 
single sheets, with the long axis the mesh right angles the 
beams, and set well covered the concrete the bottom 
the slab. The sheets were sometimes lapped and sometimes 
doubled, and, when this was done, the only tying was that afforded 
the concrete. 

Testing Machine.—The testing machine was that employed and 
described paper previously submitted the author,* the only 
addition being that there were two gauges, both the same range, 
one new and just calibrated, and the other the old one, but they 
checked together exactly. The plunger was excellent condition, 
and practically without friction except high loads, where the fric- 
tion loss would be, any event, inappreciable. The machine was 
handled means detachable track two parts, furnished 
the McCabe Manufacturing Company, one section the track always. 
being advance the testing machine. The holding down was ac- 
complished means two cast-steel wire rope straps passing around 
cross beams which ran underneath the supporting beams. The general 
arrangement shown Plate 

Transactions, Am. Soc. E., Vol. xxxiv, 544. 
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Loading.—Except few isolated cases, the loads were applied 
means 3-in. 12-in. piece yellow pine ft. long, placed the 
center the slab, with blocking between and the plunger. This 
load amounted about and was not allowed for computing 
the loads resisted the slabs any case. the loading was in- 
creased, deflections were measured means rule held as- 
sistant stationed beneath the slab. The conditions loading were 
practically that load concentrated over the entire width the 
slab the center, such manner avoid local injury the 
concrete. 

the concrete was mixed board platform hand. 
The proper amount sand was first dumped the platform, then 
the cement was placed and the two mixed dry turning over 
once with shovels, then the stone, gravel cinders was added and the 
whole mass turned over once while dry with shovels, and turned into 
heap. was then raked down from the heap into bed, and the 
water sprinkled on. was turned over shovels the water was 
added, and again shoveled into heap. From the heap was 
shoveled into wheel-barrow, wheeled the slab, dumped and 
spread. was then well rammed with ordinary 8-lb. rammer, and 
was usually brought smooth surface. All the mixing was done 
laborers who had been employed similar work. 

Each mixture usually made two slabs and cylinder approxi- 
mately ins. diameter and ins. long. After the slabs were 
formed, and before there was any frost, they were covered with ins. 
Before the testing began, the sand was swept off and the 
centers removed. The cinder concrete weighed 100 lbs. per cubic 
foot, and the stone and gravel concrete 140 lbs. per cubic foot, 
average. 

Weather.—Mixing began November 13th, and testing began 
December During the interval the minimum temperature was 
21° Fahr., November 24th, and the maximum was degrees. The 
days when the temperature went below the freezing point were, 
November 18th, 30°; 23°; 24th, 21°; 25th, 32°; 28th, 26°, and 
the 30th, 25°, which day froze all day long; December 1st, 27°; 
2d, 28°; 3d, 29°, and 4th, degrees. From these records will 
seen that the slabs were unhurt frost, there being sufficient time 
before freezing weather for the cement set. 
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General.—The conditions were such produce slab average 
manufacture, which the action both the materials under test 
could minutely observed. 

Cylinders.—The cylinders before mentioned were made for the pur- 
pose determining the actual compressive strength particular 
mixtures concrete employed, that, used conjunction with the 
known tensile strength the metal and the known breaking strength 
the combination, would practicable apply various formulas 
for the purpose comparison. number them were broken 
the testing machine heretofore described, and the remainder the 
testing machine the New York University Laboratory, the use 
which was kindly tendered Professor Collins Bliss. The results 
are given Table No. 


Test No. Loaps AND DEFLECTIONS. 


results the general tests the slabs are summarized 
Table No. all cases except for Tests Nos. 60. The curve 
loading was similar its character that shown Fig. which 
the curve for Test No. 13. 

Test No. 57.—This was test three special light beams and con- 
crete, being shown Fig. The expanded metal was laid 
widths measured direction parallel with the beams, 
and lapped 4ins. was No. metal, and the number square 
inches direction right angles the tensile strains would 
1.33. The major axis the diamond, however, was right angles 


6000 
Load etal broke 
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with the line strain, and, consequence, the effective resistance 
this metal diminished the ratio 2.2 

The composition the concrete was part American Portland, 
sand, and parts cinders. The load was applied 
the center the span immediately over the flanges the central 
beam. The ratio span depth was such that weight 150 
produced deflection in., and 000 produced deflection 
5500 Ibs. the deflection was in., and the side beams 
began separate from the concrete. lbs. the top flanges 
the center beam buckled under the load and deflection ins. 
was observed. This was the maximum strength. After the maximum 


6500 lbs. was reached, the increase deflection and loss 
resistance were very slow and uniform, reaching ins., with load 
800 lbs. 

Test No. 58.—This was test rectangular slab concrete, ins. 
thick, shownin The concrete was composed American Port- 
land, part; sand, parts, and cinders parts. The metal was No. 10, 
six pieces, and lapped ins. longitudinally, and ins. transversely; 
the total number square inches sectional area being 2.08. The 
load was applied sq. ft. the center and was gradually increased. 
The elastic limit was 500 Ibs., and the deflection 200 
with deflection in., the corners the slab began lift, 
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ins., and twice distance ins., the last time shearing irreg- 
ular hole about sq. ft. area, through the concrete, and de- 
creasing the resistance the plunger that the load was the 

Test No. 59.—This was atest section floor the sugar 
house adjoining, and shown Fig. The concrete was mixed the 
proportion American Portland cement, sand, cinders,5. The 
top ins. the surface was mixed the proportions American Port- 
land cement, broken stone, and sand, and had very 
smooth and handsome surface. 


The load was applied area 


sq. ft. The elastic limit 
000 lbs. The first crack ap- 
peared the surface pressure 600 lbs.; the maximum was 
reached with 750 lbs. The deflection was about ins., and then 
the failure became pronounced, cracks appearing the top surface 
and roughly following the are circle about ft. distant from the 
point application the load for about one-half the area loaded, 
and, addition, one crack running off diagonally angle about 
45° from the supporting beams. There were only slight cracks the 
under surface. 
Test No. 60.—The section tested shown Fig. 10. Double ex- 
panded metal No. was used. The concrete was the same that 
used for Test No. 59. The load 
was applied ft., and the 
arch resisted total 500 
without sign failure; the elastic 
limit was passed about 000 Ibs. 
Observations.—The application the load, each case, was 
uniform rate. The deflections were practically uniform rate and 
were proportionate the load the point where the elastic limit 
was reached. After the elastic limit was passed, they increased con- 
siderably; the bottom surface the concrete began show the com- 
pressing action the strands metal breaking into small cracks 
and puckering up. Finally, the deflection became great that small 
sections the concrete between the strands fell off, and the strands 
metal began break. After the load curve showed decided drop, the 
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pressure was relieved and usually the deflection decreased, the slabs 
showing some remaining elasticity. case was there any collapse 
the section until ample warning had been given, and case was 
there collapse the section, except where the ratio thickness 
slab span was far less than would ever thought practice. 
all cases the failure was identical its character with that 
elastic slab supported the ends and loaded the center. The first 
crack, almost every case, developed over the inner edge the 
supporting the slab. The center the slab usually crushed under- 
neath the loading plank, but not the edges the plank. The bottom 
cracked across transversely the center. 

When the concrete was extremely hard, the stone and gravel 
mixtures, the slab did not curve between the point application 
the load and the point support. the cinder mixture there was 
were steadied top the timbers with couple light spikes. 
two three cases there was very slight rotation observed the case 
the soft concrete. the remaining cases there was movement. 
the beams. some the very long spans made with stone 
gravel concrete the slabs rotated about the inner edge the support- 
ing beam flange and lifted the outer edge the flange appreci- 
able amount; one case much in. 

The general run tests and the irregularity which exists among 
them, indicate the necessity some more uniform method mixing 
the concrete, close calculations the strength are made. The 
strengths shown the mixtures which the slag cement was em- 
ployed are worthy note, since the neat tensile strength tests showed 
less strength than those which American Portland was used, while 
the actual use the cement this difference disappears, and seems 
indicate considerable advantage due fineness grinding. 

The tests were usually made pairs, this being evident from 
study the tables, thus and and and were made 
from the same mixtures concrete and the same time. will 
observed that the two slabs from the same mixture times vary 
much two slabs made the same proportions, but different mix- 
tures. will further observed that, the case the pair 5-6, 
one case the metal was broken and the other not. The same thing 
true the pairs 7-8, 9-10, 17-18, 36-37, 40-41 and thus indicat- 
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ing that the proportions strength concrete strength steel 
for this particular form loading were practically correct, one 
case the steel and the other case the concrete failed first. This 
further emphasized the tests 15-16, and 33, which there was 
excess metal and consequently complete failure thereof; also 
the tests 25-26, which the compressive strength the cinder con- 
crete was exceptionally low and therefore the metal was not broken. 

Constants. the tests which seem fairly uniform, 
the author’s judgment that fair value for the ultimate compressive 
strength fairly well-mixed cinder concrete the proportion 
1-2-5, thoroughly well mixed cinder concrete the proportion 
1-3-6, should 400 lbs. per square inch. stone gravel concrete 
made graded stones and thoroughly mixed machinery should show 
strength least 800 lbs. per square inch; each case the strengths 
being for concretes days old. The tensile strength the concrete 
may taken one-fifth the compressive strength. Table 
No. given reduction certain tests cinder concrete slabs 
uniform condition span, width and depth. Two points are noted 
for each test, first, that which the reached point suffi- 
ciently great cause cracking the plaster when applied the 
under side; second, that which the elastic limit was passed. 

These tests show centrally applied load produces 
deflection sufficient crack plaster; compressive strain 300 lbs. 
per square inch the concrete, and strain the metal 322 
per inch width, and 580 reached the elastic limit 
the combination, producing compressive strain 400 lbs. per 
inch the concrete, and tensile strain 500 per inch 
width the metal. 

These results are obtained the application the formula here- 
inafter noted, the assumption that the concrete and the steel will 
strained proportionately within the elastic limit and the 
maximum the elastic limit, and that there any reserve 
strength will exist only the steel. 

essential that case should the deflection produced 
load sufficiently great cause cracking, either the plaster 
the can also seen from examination Table No. 
that the plaster does not crack, the concrete will not, since the de- 
flection corresponding the first crack is, almost all cases, three 
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times great that required crack the plaster. And, finally, 
must borne mind that commercial conditions require the use 
cement good that the contractor can remove his centers within 
week ten days, and consequence any slab which will then bear its 
own weight absolutely proof against collapse any future time. 
Keeping these facts view and considering that well con- 
servative all cases the use new material, the author has used 
his constants, for safe working strains cinder concrete compres- 
sion lbs. per and for stone concrete compression 150 
lbs. per square inch, which would correspond deflection under 
uniformly distributed loads about one-quarter that required 
crack plaster, and strains about one-fifth the elastic limit 
the concrete. 
Notation.—The following notation has been employed the develop- 
ment the formula: 
working strength concrete per square inch, 
for cinders and 150 for stone. 
Safe working strength concrete tension per square inch 
working strength steel per inch width, 200 lbs. 
for No. metal, and 330 Ibs. for No. metal. 
Bending moment the external forces inch-pounds. 
Resisting moment the section inch-pounds. 
Distance from edge slab section the neutral axis the 
compression side. 
Distance from the edge slab section the neutral axis 
the tension side. 
Safe uniformly distributed load per square foot. 
Safe uniformly distributed load per square inch. 
Formula.—The formula may developed within the elastic limit 
the material follows: 
Taking section, evident that the compression the concrete 
above the neutral axis must equal the tension below the neutral axis 
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due the action both the concrete and the steel. Taking any sec- 
tion unit width the notation given, the 


These are strictly correct when the distance from the neutral 
axis the center the expanded metal. They are within extremely 
small percentage being correct when the metal imbedded the 
bottom the concrete, and the result obtained the formula will 
practically correct and absolutely safe the thickness the slab 
made in. excess the thickness determined computation. 
Slabs may built any the styles shown Figs. 11, and 13. 
Fig. the floor slab the condition continuous girder, sup- 


13. 


ported intervals. The moment resistance the section the 
center given Over the points support, since there 


steel, the moment expressed, with practical accuracy, 
Fig. condition exists similar that Fig. 11, except that, 
owing the position the concrete, there tensile strength 
developed from the section over the point support, and con- 
sequently Formula modified thus: 


For conditions uniformly distributed load and unit width, the 
moment the external forces and the resistances the sections the 
center for the various cases represented by: 
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[Papers. 
and the sections over the points support are represented 


Values 


Values 


14.* 
the practical application well remember that all 


2 
cases represents half the total resistance. 


Using this conjunction with the other formulas given, the curves 


the diagrams shown Figs. and have been calculated. These 


Curve concrete and No. metal. 
“ “ “ No. 4 “ 
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curves gives the values therefore feasible substi- 
tute Formula and having obtained find the appropriate 
value for any the conditions given. this way the tables 
requirements for safe uniformly distributed loads have been com- 
puted. tobe particularly observed that formulas are given 
for the resistance concentrated loads. This for the reason that 
concentrated loads rarely occur, and the resistance them great 


Values 
So 


15.* 


render practically waste time. This resistance may 
calculated the assumption that the resistance will equal that 
circular diameter equal the span, fixed all edges and 
loaded the center. 


“ 2 gt Cinder “ “ No. 4 “ oubled. 
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TABLE No. 


cross-section. 
would crack plaster. 


Square inches metal 
Load causing deflection that 


Deflection. 
Elastic limit. 


Span. 


& 
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| 


0.505. 


Load which metal broke. 
Maximum load. 
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No. 1—(Continued). 


25 


6.0 
2.5 


Test number. 


Final load. 


Permanent deflection. 


Deflection. 


w 
o 


5.8 
9.0 


4.5 


| 
4.0 2.0 
6.6 
7.5 
5.0 


| 


CYLINDERS. 
| | a 
| | | 
| 
B | 


Gravel, 


pounds. All dimensions and deflec- 
inches. 
Tests 38, both inclusive, made 
with American Portland cement. 
Tests 56, both inclusive, made with 
slag cement. 


| 


| 


Cinders, 1-3-6. 

1-3-6. Good top 

mixed very moist. 

Cinders, 1-2-5. Mixed very moist. 

Cinders, 1-2-5. Mixed very moist. 
Small section bottom near center 

and below metal feli out. 

Stone, 1-3-6. Mixed little too dry. 

edge sheared down. Top crushed 


surface, 


Stone, 1-3-6. Mixed Top 
crushed. Bottom opened one crack. 

Stone and gravel graded, 

crushed, bottom spaced and cracked. 

Stone and gravel graded, 1-2-10. Con- 

moist. Topsurface rough. Top 
crushed, bottom spaced and cracked. 

Gravel, 1-3-6. Concrete little wet. 

Fine top surface. Crushed, bottom 

cracked. 


Gravel, 1-3-6. Concrete little wet. 


Fine top surface. Crushed, bottom 

cracked. 

Crushed ins. center diag- 

line. 

Gravel, 1-2-7. Good surface. Section 

bottom below metal out. 

Cinders, 1-2-5. Good surface. 
crushed. bottom cracked. 

Cinders, 1-2-5. Good surface. 
crushed. Edges lifted, bottom cracked. 


1-3-6. Fair surface. Top 
cracked diagonally. 
Gravel, 1-3-6. surface. Top 
crushed near center. 
Fair surface. Top 


Cement fell off bottom below 


metal. 
Stone, 1-2.4-4.1. Fair surface. Top 
crushed. Cement fell off bottom below 


metal. 

Stone, 1-2.4-4.1. Filling Rosendale, 
sand, cinders, 10; about twelve 
days old. 

Stone, 1-2.4-4.1. Filling Rosendale, 
sand, cinders, 10; about twelve 
days old. 

Gravel, like Test 19. 
Loaded sq. ft. Concrete fell from 
bottom. 

Gravel, 1-3-6. Filling like Test 19. 

Cinders, like Test 19. 
Filling somewhat frozen. 

Cinders, 1-2-5. Filling like Test 19. 
Filling somewhat frozen. 

Cinders, 1-3-6. Filling like Test 19. 
Bottom much scaled. frozen. 

Cinders, Filling like Test 19. Bot- 
tom much scaled. Top not frozen. 

Cinders, 1-2-5. Metal two pieces, 
with longitudinal lap ins. 

Cinders, 1-2-5. Metal two pieces, with 
longitudinal lap ins. Good sur- 
face, bottom cracked. 


q 
| 
| ; 
| | 
| | 
| . 
| 7 
| 
| 
| 
q 


230 


HILL STEEL CONCRETE CONSTRUCTION. [Papers. 


No. 


Test number. 


2,06 


| 


| | 


| 


2.56 1.12 3.70 


inches metal 


cross-section. 
Load causing deflection that 
would crack plaster. 


Square 
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8.7 
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No. 


1—( Continued). 


~ 
Q 

e o 
om | O | @ 


| 
| 


8.35 


Square 


CYLINDERS. 


inches, sect. 


area. 


Total load. 
Load per square inch. 


2 
o 


Stone, 1-2.4-4. Top slightly crushed. 


43.0 


43.0 765 


54.8) 645 


Cinders, 1-2-5. 


Remarks.—All loads thousands 
pounds. All dimensions and deflec- 
tions inches. 

Tests both inclusive, made with 
American Portland cement. 

Tests 56, both inclusive, made with 
slag cement. 


Cinders, 1-2-5. Metal four pieces, 
ins. longitudinally and 
ft. Good surface. 
fetal four pieces, 
lapped ins. longitudinally and trans- 
versely. 


Cinders, 1-2-5. Metal eight pieces, 


doubled, lapped ins. longitudinally, 
ins. transversely. Good surface. 
Cinders, 1-2.4-6. Metal four pieces, 
lapped ins. longitudinally, ins. 
transversely. Load applied two 
points, dividing span into three equal 


Stone, 1-3-5. doubled four 


pieces, lapped ims. transversely. 
Good top surface, crushed. 

This and all remaining tests made with 
slag cement. Cinders, 1-2.4-4.8. Good 
surface. Part bottom below metal 


fell off. 
Cinders, Good surface. Load 


sq. ft. Top crushed, bottom 
cracked. 
Top surface good and crushed. Metal 
strands drawn together. 
Cinders, 1-1.7-4.2. 


Stone, 1-2.4-4. Rough top surface. 


Gravel, 1-3-6. Concrete alittle wet; fine 
top surface. Crushed top, cracked 


elow. 
Gravel, 1-3-6. Concretealittle wet; fine 


top surface. Crushed top, cracked 


elow. 
Gravel, Fair top surface. Top 


crushed. 

Gravel, 1-2.4-4.9. Fair top surface. Top 

crushed. 

Gravel, 1-1.6-6.5. little moist. Fair 
top surface. 


Gravel, 1-1.6-6.5. little moist. Fair 
top surface. 


Top crushed in. 

Gravel, 1-2.4-4.8. Filling like Test 19. 
Top crushed in. 

15.5 Cinders, 1-1.6-4. Filling like Test 19. 

Cinders, 1-1.6-4. Filling like Test 19. 

Cinders, 1-1.6-4. 

15.25, Cinders, 1-1.6-4. Bottom cracked. 

Cinders, 1-1.6-4. Good surface. 

Cinders, 1-1.6-4. Good surface. Metal 
pieces, lapped, ins. trans- 

versely, and ins. longitudinally, 

Cinders, 1-1.6-4. Good surface. Metal 
pieces, lapped ins. trans- 
versely. Edges lifted. 

Cinders, 1-1.6-4. Good surface. Metal 
pieces, lapped, ins. trans- 
versely. Edges lifted. 

Stone, Metal doubled four 


pieces, lapped ins. 
Fair surface. 
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TABLE No. 


Load producing Load producing 
plaster. plaster. 
2.95 5.40 3.10 
3.82 5.20 3.40 7.00 
3.30 4.40 3.40 
2.85 3.80 3.60 
3.50 
3.10 3.90 


Cinder concrete thousands pounds. 


Last column shows elastic limit, where conditions affected this limit, but not the 
plaster limit. 


TABLE No. FOR CARRYING THE 


lbs. per square foot, live load, uniformly distributed. 


{ | 
125 lbs. per square foot, live load, uniformly distributed. 
| 1 
175 per square foot, live load, uniformly distributed. 
250 lbs. per square foot, live load, uniformly distributed. 
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Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE CONSTRUCTION THE LORAIN DRY DOCK 
AND SHIPYARD THE CLEVELAND 
SHIP-BUILDING COMPANY. 


PRESENTED 20TH, 1898. 


November, 1896, the Cleveland Ship-Building Company, 
Cleveland, O.,, decided remove its shipyard from its location 
Cleveland, account the necessity enlarging the plant and 
constructing dry dock connection with the same, order 
that repairs vessels could made within the limits its own ter- 
ritory. With this object view, the author was directed make 
certain preliminary investigations property Loraine, 
located the mouth Black River, miles west Cleveland, 
determine its availability for such purposes. These investigations 
were commenced December, 1896, and consisted series 
soundings and borings the property determine the character 
the underlying strata. The soundings were made with 3-in. test 
augur and extended ft. the deepest place. The 
tests were made nearly possible the center line the pro- 
posed dry dock, the easterly side Black River and about half 
mile from the lake. 

papers are issued before the date set for presentation and discussion. 


Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 
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The surface the ground consisted marsh mud, the level 
the highest point the marsh being about ft. above the ordinary 
stage water the river, which the zero the Government 
gauge. The marsh was covered with heavy growth reeds and 
grass, and was highest close the river, along the bank which 
was possible walk all times, while 100 ft. back from the river 
the marsh was lower than the water level and was soft and miry. The 
depth the marsh mud varied from ft., shown upon the 
profile the soundings (Fig. Below the mud was inferior sort 
bluish clay, which increased stiffness with every foot depth. 
several the test holes small stratum gravel was found, but 
all cases below the level the bottom the proposed dry dock 
and was not deemed dangerous the work. The result the inves- 
tigations was such that the location was fixed and the plans and speci- 
fications prepared the author during the months January and 
February, 1897. 

The first work commenced was the dry dock, and will 
described completion, without reference the remainder the 
work, which was going the same time, and which will de- 
scribed the latter portion this paper. 

The plans prepared contemplated dry dock 560 ft. total 
length, ft. wide the top, between copings, ft. wide the bot- 
tom and ft. total depth. The entrance was ft. wide the 
bottom and ft. the top, with depth ft. water the sill 
the ordinary stage. The plans were modified decreasing the 
depth the dock ft., which increased the bottom width ft. 
The width the entrance was not changed. Fig. shows the general 
plan and sections the dock, the only change from the original being 
that the width top, the clear, between copings, ft. 

Construction was commenced February 22d, 1897. The first 
work consisted enclosing three sides the proposed dock 
water-tight protection sheet piling, placed ft. away from the 
top the dock. This shown Fig. Plate VI. This protec- 
tion was built single line oak piles, ft. long, driven ft. 
apart and connected waling timber 10-in. 12-in. Norway pine, 
drift-bolted each pile the side away from the dock with 1-in. 
drift bolts. Outside this waling piece was driven row sheet 
piling ins. thick and from ft. long, double grooved the 
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edges and tongued with 2-in. 4-in. pine, spiked into one piece 
the sheeting. The tongues were well-seasoned lumber, and, when 
place, was found that they had swelled make the joints 
thoroughly water tight. While this work was progress, the upper 
row piling for the dock itself was driven; the piles being white 
oak, ft. long, spaced ft. apart, and extending along the north 
and south sides and the east end the dock. 

the completion this work the space between the piles last 
mentioned was dredged out depth ft., excepting that the 
entrance, where was proposed place the coffer-dam, the dredg- 
ing was only carried depth ft., just sufficient permit the 
entrance the dredge and scows. The dredging left the banks the 
excavation standing slope about and the top row 


was thereby protected, and served also some extent hold 


the upper stratum muck from sliding in. 

The coffer-dam was constructed across the opening, extending from 
the north the south line the protection sheet piling. was 
built first driving two rows 30-ft. oak piles ft. apart; the piles 
being spaced ft. centers each row, and connected 10-in. 
12-in. waling timber; and secondly, driving double wall 6-in, 
tongued and grooved sheet piling, ft. long, back the waling tim- 
bers. The two walls were braced together 8-in. 8-in. diagonal 
braces and 1}-in. iron rods, after the manner the lateral bracing 
Howe truss bridge. river side the dam, and ft. from 
the same, was driven row 35-ft. oak piles, secured each other 
12-in. 12-in. timbers back the piles. these timbers the piling 
the coffer-dam was anchored 1}-in. iron rods every ft. The 
space between the anchor piles and the coffer-dam was filled with clay, 
which was banked against the anchor piles height sufficient 
protect the dam from the action waves from changes level 
the river. depth water each side the dam was only ft., 
the pressure upon the dam after pumping out was not excessive, 
the natural ground below sustained the main weight. soon the 
pumping had progressed far enough, second row piles was driven 
the side towards the dock, and the inside the dam was shored 
against these timbers. The pumping was done slowly and was 
suspended intervals admit driving the intermediate rows 
slope piling, which was done from floating driver. the pumping 
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progressed and the water receded from the sheet piling, anchor piles 
were driven, and the sheet piling was secured thereto rods. 
The falling water caused the banks cave off some 
two places the upper slope rows were disturbed and had re-driven 
for about 150 ft. the south, and 200 ft. the north side. There 
was practically leakage through the sheet piling, until after the 
caving above mentioned, but water came through the bottom the 
dock, accompanied marsh gas considerable quantities. The 
water appeared come from deep stratum and was 27° colder 
than the water the river. 

second set soundings was made the bottom the dock, and 
vein gravel was found through which the water appeared come. 
second row sheet piling was driven inside the first row and toa 
depth ft. below the bottom the dock, and this appeared cut 
off portion the inflow. The remainder, being not enough im- 
pede the work construction, was left taken care needed. 

The removal the loose material left after dredging, and which 
had slid during the pumping, and the work bringing the bottom 
the required grade, was commenced the entrance the dock 
order that that portion might first protected. The excavation was 
then continued toward the head the dock nearly possible 
the same rate the pile-driving could done. The material exca- 
vated was lifted out derricks, loaded into mud scows and dumped 
the lake. portion the excavated material was dumped the 
derricks upon the adjoining marsh north the dock. This wasa mis- 
take, the weight the material caused break the sheet piling 
the same point (previously stated) the caving off occurred, and 
the bottom the dock appeared heaved and slide over the 
center from the north the south side. the same time, the surface 
the marsh above sunk about ft.. This difficulty was finally sur- 
mounted, although caused considerable trouble increasing the 
amount excavation, but soon the piling the bottom was 
driven and the transverse timbers were put place, this upward 
movement ceased. 

The pile-driving the bottom was commenced the entrance 
the dock, under the abutment cribs, and was continued toward the 
head the dock rapidly the excavation allowed. were 


two drivers the dock, and each was employed constantly. 
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hammer was used driving the piles, and while first they drove 
very easily, they finally gave indications good bearing. Where 
was thought best, longer piles than those called for the plans were 
used. Extra piles were driven around all places where water appeared 
the bottom, and the result was that nearly all the springs were 
stopped the consolidation the ground, only three four leaks 
being left the last, and these were led into the permanent drains and 
taken off the pumps. 

The piles under the slope timbers are white oak and are driven 
three rows each slope, being 35, and ft. long, respectively. 
Those under the bottom the dock and under the cribs the entrance 
are ft. long, and those under the aprons ft. long. These are 
various woods, such beech, elm, pin-oak, hard maple, etc. The 
specifications required all piles have diameter ins. 
distance ft. from one end, and not less than ins. 
the other end, length ft., and proportionally for shorter 
lengths. 

The piling the bottom consists fifteen longitudinal rows, the 
five rows under the center and one under the foot each slope having 
the piles spaced ft. apart, and the other eight rows having them ft. 
apart. Each capped with 12-in. 12-in. oak, the timbers ad- 
joining rows breaking joint with each other. longitudinal 
timbers are placed the transverse timbers which support the keel and 
bilge blocks. These are and ft. long, placed every 
ft. and notched ins. over the longitudinal timbers, brace the 
rows piling. These timbers are Douglass fir, from the Pacific 
coast. They extend clear across the bottom the dock and support 
the main slope timbers. Between each transverse timber the foot 
the slopes there placed 14-in. 14-in. timber framed into the 
12-in. 18-in. timbers and resting top the 12-in. 12-in. longi- 
tudinals. This receive the intermediate slope timbers, and the 
same time close the foot the slopes against the earth behind the 
same. 

The three rows slope piles are also capped longitudinally with 
12-in. 12-in. oak, and each row independently braced the trans- 
verse timbers the dock, that any inward movement either will 
resisted the bottom the dock and the opposite slope. These 
are additional the regular slope timbers which also brace the piling. 
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The slope timbers are 12-in. 12-in. oak every transverse bottom 
timber, and 8-in. 12-in. oak intermediate points. These timbers 
are framed into their supports, and form additional brace the top 
well serving their primary purpose supporting the altars. 

The slope timbers are covered with 1-in. rough pine boards nailed 
each timber. intervals about 100 ft., along each side the 
dock, chutes are constructed, placing two 8-in. 12-in. oak timbers 
top two the 12-in. 12-in. slope timbers, and filling between 
them with 6-in. oak plank. These are used for putting material 
for repairs and out the dock without injury the altars. 

The entrance the dock protected two abutment cribs, each 
ft. ft. and ft. high, resting upon piles. The capping 
the piles and the two upper courses timber the cribs are white 
oak; the remainder the timber hemlock. The outer walls are 
12-in. 14-in., and the inner walls 12-in. 12-in. timbers. The 
framing dovetail work. courses are drift-bolted with 1-in. 
30-in. drift bolts, and all the joints are caulked with pitch and 
oakum. The sills and jambs for holding the gatein place are 18-in. 
18-in. oak, well braced and bolted position. The jambs are sunk 
ins. into the walls the cribs, and are bolted through the walls and 
through 12-in. 18-in. inside pieces oak. The apron timbers, 
12-in. oak, run across the entrance, and are built into the cribs 
each end. They rest upon piles between the cribs. There are two 
rows piles and timbers under each sill, and these are braced together 
and the adjoining timbers with 12-in. 12-in. oak braces. Outside 
the outer apron there line 6-in. tongued and grooved sheet 
piling, ft. long, extending across the entire opening and returning 
each end the face the cribs, where connected the line 
sheet piling, ins. thick and ft. long, which driven from the 
north end the north crib the south end the south crib, and 
thence carried the protection sheet piling the dock. third row 
sheet piling, ft. long, extends from crib crib front the 
inner sill, thence coming forward along the cribs the sheet piling 
front them. 

The entire apron, inside the outer row sheet piling and the 
inside line the cribs, filled with cement concrete, made 
broken limestone and American Portland cement. The depth 
this concrete varies from ft. the outer apron and ft. 
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under the middle apron about ft. the inside the 
inner apron. The cribs are filled with puddled clay. The space 
behind the slope timbers the dock, and the entire bottom 
the dock between the piling and the timbers, filled with well 
puddled clay. soon clay was filled behind the slopes 
and the bottom, the floor the dock and the altars the slopes 
were putin. The dock floor consists 4-in. pine plank laid fur- 
ring strips the longitudinal timbers, that the floor from 
ins. lower than the top the transverse timbers. The floor pitches 
from the center each side, and the drains, built 2-in. plank, run 
along each side, and empty into across drain the east end the 
dock. The cross drain covered for half its length, and the re- 
mainder protected grating iron bars, having 2-in. 
openings between them. This drain empties into brick tunnel, ft. 
diameter and ft. long, leading the pumps. 

The altars steps the slopes are made cutting diagonally 
through 10-in. 14-in. timbers, leave two edges, making 
10-in. rise and 10-in. tread, edge 2ins. wide, rest upon 
the step below. These altars are white pine, and are spiked the 
oak timbers with 12-in. spikes. 

All the oak timber drift-bolted the piling, and other 
timbers with drift bolts such lengths the sizes the 


timbers required. 


The coping the dock consists two pieces 12-in. 12-in. oak, 
laid side side, and resting partly upon the upper altar and partly 
upon the cap the upper slope row piles, being drift-bolted the 
cap and edge and bolted each other. 

The rudder well located just inside the inner apron and 
ft. wide, ft. long and ft. deep. protected 6-in. 
tongued and grooved sheet piling, ft. long, securely bolted the 
timbers the dock. has concrete bottom ft. thick. 

The gate steel, and shown Figs. 2and ft. long 
the bottom, ft. thetop, including the jambs, and ft. high. 
The keel and jambs are made two 15-in. channels, braced with 
plates and angles, and protected the outside with 14-in. oak 
timbers, which are fastened rubber gaskets. The gate fitted 
with valves for filling and emptying the various compartments, and 
also with eight 30-in. gate valves for filling the dock. 
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The pumps are located the engine-room the power house, 
directly over the well into which the tunnel empties. They are two 
number, each having 30-in. discharge, and combined capacity 
about 000 galls. per minute. Each pump operated independ- 
ently single engine. The well ft. ft. ft. deep. 
Its top level with the engine-room floor, which ft. below the 
top the dock, and covered cast-iron plate, ft. ft., 
bedded cement, upon the 24-in. brick walls the well, and bolted 
down the same with.28 bolts in. diameter and from ft. 
long. The suction pipes enter the well through packing boxes this 
plate. There also manhole and ladder for entering the well. 
The construction the timber work was completed and the keel and 
bilge blocks placed position January 14th, 1898, but the filling 
clay behind the slopes was not finished then. The water was let 
into the dock through the coffer-dam the 15th and 
16th January, and the 17th the work removing the coffer-dam 
was commenced. This was completed January 23d, and the 
following day the gate was put place and the pumps started. The 
dock was pumped out two hours; and was found that the gate 
and cribs and all the work were practically water tight. January 
26th the water was let through six the eight valves, and the dock 
filled thirty-five minutes. the same day the steamer 
iam Fairbairn, the Bessemer Steamship Company, 
fully docked two hours, and without injury either the vessel 
the dock. See Fig. Plate VI. 

The work filling behind the slopes still going on, but, 
account the weather, may not completed for some time. The 
material used for filling and puddling was yellow clay obtained from 
excavations the bluffs back the marsh. The excavated material 
was also used bringing the marsh grade for the construction 
the shipyard. 

The power house, shown Fig. includes the machine shop, 
ft. ft.; the boiler room, ft. ft.; the coal room, ft. 
ft., and the engine room, ft. ft. There iron stack 
ft. ins. diameter, and about ft. high. The power house 
brick with concrete foundations. Considerable difficulty was ex- 
perienced its construction account its proximity the dry 
dock and the desire the company commence work the ship 
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yard October 1897. This compelled the building the power 
house before the walls the dock could put in, and trouble oc- 
curred when the bottom the dock was suddenly raised, described 
previously. This caused movement the foundation the boiler 
room, but was not sufficient render dangerous the building. 
was first proposed construct the engine-room just west the 
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the pump well with this view; but making this excavation 
sudden flow gas and water drove the men out, and was decided 
change the location that shown the plan. the work there- 
after there was difficulty. The engine-room contains, besides the 
pumps previously described, two other engines, one being air com- 
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pressor and the other electric generator. The compressor furnishes 
air lbs. pressure the forges, riveters and pneumatic hoists 
the shops. The generator furnishes electricity for operating the rolls, 
punches, shears, drills, over-head cranes, wood-working machinery, 
and the lights the yard and shops. 

The boiler room contains three boilers, with space for fourth 
should needed. 

The coal room has capacity about 100 tons, and arranged 
that cars can run overhead and unloaded through the bottom. 

The machine shop for light repairs only, the company having its 
large machine shop Cleveland. 

The main shops the shipyard are the steel building shown 
Fig. the end the space between the slips. This building 125 
ft. wide and 250 ft. long, and has second floor used for mould loft, 

ft. wide and 250 ft. long. There are nine bents ft. ins. apart, 
and the intervening spaces are filled with the tools and machinery for 
punching, shearing and shaping the steel. Two over-head cranes 
travel the length the building, and the east end run out upon 
trestle work over the track upon which material received. Attached 
the columns the building are jib with pneumatic 
hoists which handle the material the various tools. the south- 
east corner the building there extension the south, contain- 
ing the heating furnaces, operated crude oil, and the slabs for 
bending plates, angles, channels, etc. the southwest corner and 
outside the building there over-head crane handle the 
frames and tend the pneumatic riveter. 

The mould loft provided with wood-working machinery, and here 
are prepared the patterns for the different parts the ship. The 
floor drawing board upon which the lines the ship are laid 
down. 

The blacksmith shop, ft. ft.; the coal room, ft. the 
joiner shop, ft. 100 ft., and the pipe shop, ft. ft., are sup- 
plied with the necessary tools and machinery for their work, but offer 
special features interest. The same true the saw mill, 
which has gang saw and jig saw for timber work wooden ships. 

All the machinery not previously mentioned run compressed 


air operated electricity, except the hammer the blacksmith 
shop, which run steam. 
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The office, ft. ft., contains rooms for the superintendent and 
his clerks, weighing room and room the lower floor, and 
parlor, dining-room and kitchen stairs. 

The shears, for lifting engines, boilers and other heavy articles into 
and out vessels, are located the river front between the dry dock 
and Slip No. capacity tons. 

The above-mentioned structures are all shown the general plan 
(Fig. 5). There slips which are dredged out depth ft. 
The sides and ends are protected piling and sheet piling anchored 
back another row piles shown Fig. 

Between the two slips are two berths for building ships. There 
also room for another berth between ‘‘Slip No. and the dry dock, and 


also between No. and the south boundary the property, 


but present only two are equipped for use. The ships, when under 


construction, are supported upon blocking resting upon 12-in. 12-in. 
oak timbers, which, their turn, are supported and bolted 
piling. There are six rows timbers under each ship. Over each 
berth there traveling crane operated electric motors, and sup- 
ported the iron and timber trestles indicated The tops 
these trestles are ft. above the ground. The cranes handle the ma- 
terial from the shop from the below, and 
place the plates frames where desired the ship. Theiron trestle 
fixed position, and the timber trestle movable. When ship 
ready for launching, the timber trestle removed the overhead 
crane and carried back out the way, leaving the side the ship free 
towards the slip. Vessels built upon the lakes are launched side- 
ways. 

There are present under construction two steel vessels, one being 
450 ft. long with ft. beam, and the other 438 ft. long with ft. 
beam. 

The result the work has been very satisfactory, far has 
present been tested actual use, and the indications point its 
becoming more satisfactory its various parts become settled into 
place and the operatives become familiar with them. 
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FLUSHING PIPE SEWERS. 


PRESENTED May 1898. 


The use flush-tanks connection with small pipe sewers, which 
has been made integral part the and gener- 
ally adopted systems caring only for house sewage, attended with 
much uncertainty. such systems generally specified that 
flush-tank placed the head every lateral, each tank being 
regulated discharge least once hours. The relation be- 
tween the size the sewer pipe and the amount water used 
flush not given, nor the influence grade discussed. The gen- 
eral laid down that all laterals, regardless size, grade, 
contributing population, must supplied with flush-tanks order 
secure self-cleansing flow the laterals and maintain the integ- 
rity the system. 

The financial burden such requirement evident. ex- 
ample, may cited that the plans for the sewerage system 
Ithaca, Y., which this requirement flush-tanks was thoroughly 
complied with, even for the 12% grades, less than 131 flush-tanks 
were required 25.3 miles sewers, one for every The 
relative importance the flush-tanks may also seen comparing 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 
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the actual cost the sewers with the estimated cost the tanks. 
The cost the sewers, viz., the sum the amounts the several 
contracts was $81 000, and, estimated $50.00 each, the flush-tanks 
would cost 550, more than the cost the system. 
would seem, then, that the cost flush-tanks means insignifi- 
cant, but that their use increases the cost the separate system 
nearly one-tenth, besides introducing permanent charge, both for 
water used and for intelligent care maintenance. That these 
annual charges are bagatelle will apparent again referring 
the case Ithaca. Assuming that the tanks required are only 150 
galls. capacity, minimum amount, discharging but once day, the 
water required 650 Twenty cents per 000 galls. 
{the amount charged Ithaca*) fair average amount, and 
that price the daily charge for water $3.93 434.45 per year. 
Adding this $600 per year the wages mechanic, whose con- 
stant attention found experience necessary examining 
and readjusting the tanks, the total annual charge 034.45. This, 
capitalized 6%, gives and, added the $6550, gives 
$40 458 the total expenditure account flush-tanks sewer 
system costing for pipe laid $81 000. Surely the item flush-tanks 
important one, and should carefully examined, that the 
conditions the sewer grade, for example, modify the necessity for 
tanks, the amount water function the time interval be- 
tween flushes, the size the pipe, may known order 
that the large proportionate cost flushing may reduced what 
has been found careful investigation absolute minimum. 
That the requirement given aboveis felt present-day engineers 
largely excess necessity sufficiently evident from study 
paper Odell, Am. Soc. E., entitled The Sepa- 
rate Sewer System Without Automatic Flush-Tanks,”} and the subse- 
quent discussion, which the author says that Mt. Vernon, Y., 
flush-tanks are used, and that, while hand-flushing means fire 
hose practiced intervals six months, even this infrequent flush- 
ing does not appear necessary, examination the sewers invariably 
shows very wholesome and satisfactory condition. the discus- 
sion very little positive evidence given, but the experiences recorded 


chiefly show that while automatic flush-tanks not them- 


Manual American Water Works, 1897. 
Transactions Am. Soc. E., Vol. xxxiv, page 223. 
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selves make the separate system practicable, there is, nevertheless, 
need, under certain conditions, for flushing, those conditions being 
yet not fully determined. 

The questions the answers which are essential for intelligent 
disposal flush-tanks sewer system are four, 

What the relation, any, between the grade the sewer and 
the necessity for automatic flush-tanks? 

Assuming need for automatic tanks, how does the grade the 
sewer affect the amount water required, and what the proper 
amount used? 

How often should tanks 

What effect does the substitution 6-in. for 8-in. lateral 
have the necessity for tanks and the amount used? 


o 


DEPTHS 


1500 1250 1000 750 500 400 300 200 100 
DISTANCES FROM FEET. 


Before attempting answer these questions, will well look 
the subject broadly, and consider the hydraulic problem involved. 
Sewage water carrying suspension less than part 
solid matter, and sewers are supposed laid that the 
resulting velocity flow sufficient keep this solid matter sus- 
pension. This suspending and scouring power probably depends 
the velocity, and the depth, the sewage stream, and either gets 
below certain point, sedimentation will follow and deposit take 
place. generally stated that velocity about ft. per second 
required but the effect depth neglected. the lower end 
6-in. lateral the depth and velocity are assumed sufficient 
prevent this sedimentation, but the contributing population 
grows less toward the upper end, the depth and velocity decrease and 
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the transporting power the stream falls low allow the 
solid matter, brought into the sewer the house drains, become 
stranded. This deposit increases gradual accumulation until the 
sewer blocked, ‘until the head from the backed-up sewage 
cient carry away the obstruction, until the discharge the flush 
tank (and here seen its true function) takes the obstruction and 
carries point where the depth and velocity the sewage will 
hold suspension. Table No. and the diagram Fig. are given 
show the requirements grade maintain velocity ft. per 
second 6-in. lateral, assuming constant contributing population 
persons per 100 ft. sewer, with daily flow galls. per 
capita, and with the assumption one-half flowing off hours. 


TABLE No. 
Distance from dead Discharge cu. ft. Slope ft. per Depth flow 
end feet. per sec. foot. inches. 
750 0.245 3.00 
1500 0.210 0.0104 2.76 
000 0.140 1,92 
750 0.105 1.50 
500 0.070 
400 0.056 
0.042 
200 
100 0.014 0.0400 0.60 


The diagram (Fig. shows that, taking equal 0.013, and com- 
puting velocities Kutter’s formula, grade required for 
6-in. pipe half full for velocity 2.5 ft. per second, and that the 
amount flow constantly decreases, the depth flow decreases also, 
and the grade, order maintain the same velocity, must in- 
creased according the diagram. The diagram given for two 
reasons first, show that the accepted laws governing the trans- 
portation material flowing water, lateral sewers could laid, theo- 
retically, such grades that flushing would necessary, since, 
with grades which continually increase toward the upper end, the cor- 
responding velocities would always equal that required trans- 
port matter suspension; second, that the grade the sewer 
increases, the distance from the upper end the point where the stream 
reaches the velocity required carry matter suspension decreases, 
and the aid required from less. value can 
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placed the grades given, the diagram based the assump- 
tion house with five persons every ft., and this not always 
the case, but believed that there grade beyond which 
flush-tanks are not required, and that the distance which the 
flushing power extends function the amount water dis- 
charged, then this amount should less the steeper grades. 

Referring again Mr. Odell’s paper, first noted that Mt. 
Vernon, with grades from 0.5% flush-tanks are used, and 
good twice year answers every purpose. 

the discussion, Mr. Hering says that light grades flushes 
200 300 galls. generally lose their flushing power after passing few 
hundred feet through the pipe, and that sometimes after 500 ft. 
had been unable detect any difference the flow due the tank. 

Mr. Kiersted writes that one system designed him recom- 
mended only laterals less than grade, and for 
five years the system has been operation with but few stoppages. 

Mr. Folwell writes that his experience has omitted flush- 
tanks grades from 12%, and the grades stoppages 
were discovered, nor were there any odors. 

Mr. Conte intimates that flush-tanks built not answer their 
purpose, for where grades are light and the flush most needed, they 
the poorest work and the large quantity water needed, 
effective, must obtained some other means. 

Mr. Odell maintains that flushes 200 galls. less fail flush 
sewer properly, especially flat grades where flushing most 
needed. 

table Mr. Allen shows that grades greater than 0.5% 
velocity more than ft. per second maintained over 000 ft. 
from the flush-tank, but lesser grades the velocity drops ft. 
less within 600 ft. 

order obtain insight into general engineering feeling 
the matter, and, the same time, reap the benefit any experience 
which was had, the author sent out January 17th, 150 reply 
postals, reading follows: 


Y., January 17th, 1898. 


aid deciding the necessity for flush-tanks for our 
sewer system, will you kindly answer the following: 
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you find flush-tanks necessity, periodic hand flush- 
ing sufficient keep sewers clean 


the element grade affect the question, and within 
what limits grade are tanks required 


your experience show any relation between the mini- 


mum amount water required for effective flushing and the grade 
the sewer 


Thanking you advance for your kind assistance this matter, 
yours very truly, 


Engineer, Ithaca Sewer Commission.” 


These postals were sent those cities between 000 and 000 
population, the New England.and Middle Atlantic States especially, 
which were reported The Manual American Water Works for 1897 
having separate sanitary sewers. Eighty answers were received, 
and the courtesy and good-will expressed all was unmistakable and 
much appreciated. The same story was told them nearly all 
cases. would pleased answer your questions fully, but this 
the best that can for you,” This only idea, while can 
readily understand that what you want the result actual expe- 
rience,” cannot give you the desired information, but would 
thankful you you would let know the result your inquiry.” 
The results given below brief summary chiefly show how uncer- 
tain and vague the knowledge the subject, and how necessary 
some experiments and investigations. 

answer question No. whether flush-tanks were necessary, 
the eighty replies seventeen had opinion the subject, and 
twelve had experience only with combined systems, but had, accord- 
ing their replies, found trouble keeping the ends their 
10-in. and 12-in. laterals clean with rain with 
Twenty-six the eighty used periodic hand-flushing and found 
answer every purpose, keeping the sewers clean and free from ob- 
structions. Twenty-five either used flush-tanks considered them 
necessity for small pipe sewers. was not possible these last an- 
Swers separate actual experience from personal conjecture the 
question, that this number may include many hearsay opinions. 

The evidence not very clear. The fact that twenty-six used 
satisfactorily indicates that such flushing sufficient. 
That must properly and regularly done, however, made plain 
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the fact that, out the twenty-five believing flush-tanks, nine 
had tried periodic hand-flushing, found uncertain and irregular, and 
had put flush-tanks, secure proper attention. other hand, 
the twenty-six believing hand-flushing, two came that opinion 
after becoming disgusted with the uncertainty tanks. 

the second question, only twenty-three the eighty ventured 
opinion. these, eight thought that the grade did not affect the 
question, but that flush-tanks were necessary steep flat 
grades. One engineer explained his position saying that while the 
velocity the steep grades might greater, yet the depth would 
less, the transporting power would less, and therefore tanks were 
equally necessary. the fifteen who thought that tanks are not. 
needed above certain grade, six merely ventured opinion, 
and nine fixed the limit from per cent. Four give 
the limit; one, and the other four give less than per cent. 

Only six replies were the last question, whether the 
amount water the should varied with the grade 
the sewer. these, two thought that difference should made; 
three thought that less water could used the steeper grades, but: 
had definite opinion the relative amounts; while one well- 
known engineer, who has thoroughly studied the workings the 
sewer system under his care, writes that finds one flush daily 
grade effective two flushes daily 0.5% grade, each flush 
300 galls. 

The general conclusion from the replies that occasional flushing 
low grades, probably below 1%, needed the upper ends 
laterals; that this may accomplished, either hand-flushing 
the use automatic tanks; that tanks are used, less care and vigi- 
lance are required inspection and oversight, but they are used, 
the periodic examination the system, which should not omitted, 
occurs below the effect the flush, serious nuisance may result; 
that hand-flushing employed, constant and regular inspection 
must practiced, although actual flushing may required only once 
month less. The amount water needed flush-tanks not 
known, nor the relation between amount and grade. 

With view obtaining more information this apparently un- 


studied subject, the author carried some experiments the spring 
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1897. was assisted Mr. McConnell, E., who had 
been the writer’s valued assistant the construction the Ithaca 
sewer system for two summer vacations. The results the experi- 
ments have been recorded Mr. McConnell thesis for the degree 
Civil Engineer Cornell University. 

The sewers which the experiments were made, and which were 
chosen afford avariety grade, with long lines possible, 
were all 8-in. pipe, and each had the upper end manhole about 
ft. diameter the bottom. usual commercial 
size discharge rate about cu. ft. per second, and, repeated 
experiment, the opening from the manhole into the sewer was reduced 
size (about that the rate discharge varied from 
0.89 cu. ft. per second for ft. head the manhole 1.1 cu. ft. 


QUAN, OF WATER=40 CU. FT. 


AVERAGE OF 3 FLUSHES 


z 


TIME SCALE IN MINUTES. 


per second for ft. head. These conditions was thought approxi- 
mated closely enough the workings flush-tank. 5-in. open- 
ing was cutin pine board firmly held against the end the 8-in. 
pipe; then flat cover, ins. diameter and faced with rubber, was 
provided, which, placed over the opening and held there light 
stick braced against the back the manhole, made effective plug. 
The manhole was filled any desired depth means fire-hose 
attached neighboring hydrants, and then, means cord 
stick and the cover, the contents the manhole 
were discharged into the sewer. The capacity the manholes 
depths varying ins. was determined measurement, that 
filling the proper depth any desired amount water could 
discharged. The effect the flush waves was then noted the 
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successive manholes down the line. determinations ofthe velocity 
the wave were made, the effect being judged the depth the 
wave, and the force shown moving gravel, etc., placed the 
different manholes. The wave depths were read different observers 
stationed the manholes, where they recorded rapidly possible 
(usually every seven seconds) the depth marked thin vertical 
scale placed the sewer. Figs. show the wave forms and the 
progressive flattening the wave gets farther and farther from the 
flush-tank. 

test the transporting power the wave small brickbats and 
gravel various sizes, coated with paint recognizable, 
were placed the inverts the manholes. considerable growth 
what was apparently vegetable origin had become attached 
the sides and bottom the pipe, and the value the flush remov- 
ing this growth was also noted. The order procedure was 
examine and note the condition the line, and, after placing the 
gravel, etc., make number flushes, each cu. ft., and note 
the results. Then, increasing the amount discharged 30, 40, 
and cu. ft., the respective results were noted. Then, either the 
whole pipe was scraped rubber-edged piston-like cleaner, 
merely the manhole inverts and about ft. each way into the pipe, 
and the flushing repeated. The following tables give the results 
the different lines: 


TABLE No. SEWER. 


EFFECTS 
Volume No. 
flush. 
Manhole No. Manhole No. No. 
cu. ft. Scoured clean. Scoured clean. effect. effect. 
“ “ “ Small gravel gen- 
80 “ “ 2 
120 “ “ “ “ 3 


Before commencing the work, the examination the pipe showed 
practically clean, with ground-water, except between the 
third and fourth manholes, where there was stream perhaps in. 
deep. There were house connections, but there was small depth 
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silt, and small pieces cement left from construction, also 
slight growth the sides and bottom the pipe. Gravel all 
sizes placed the pipe the flush-tank was carried through man- 
hole No. two cu. ft. each, the first flush alone not 
being sufficient. The gravel scoured out the bottom No. man- 
hole the first flush was not brought No. until the 


FORM OF FLUSH WAVE. 
TIME SCALE IN MINUTES. 


flush was put in, and gravel scoured out No. was brought 
No. any the flushes. After the above, 
the pipe was thoroughly scraped and cleaned, and flushes eighteen 
twenty-eight made. Similar results were obtained, except that the 


flushes carried the gravel about 200 ft. farther than before and 
seemed effective for that distance. 


flush. Manhole Manhole No. Manhole No. No. 
not cleaned. 
Some vegetable 
through. 
Cleaned. 


Cayuga Street there were few connections and little flow, 


that the condition the pipe was very foul; there was heavy 
vegetable growth the pipes. 
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Linn Street comparative records could made. The pipe 
was clean from the flush-tank Manhole No. and this length 
there were connections. From No. No. was slightly foul, 
and very foul the remainder the length. There were two house 
connections the line. Five flushes cu. ft. were made. 


CAYUGA ST. 


DISTANCE 
DEAD END IN FT GRADE 


DEPTHS INGHES 
~ 


2 


TIME SCALE IN MINUTES. 


Each was very effective, one apparently much another. All 
obstructions introduced were removed once from manholes Nos. 
and steady flow lin. deep from the hose carried everything 
forward once point beyond No. and the flatter grade. 


TABLE No. SEWER. 


Manhole Manhole Manhole Manhole No. 
No. No. No. No. Flushes. 
cu. ft....| Cleaned. Cleaned. effect. effect. 
Water dirty; 
came 
Manhole Manhole Manhole Manhole No. 
sO) “ “ “ 2 
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the Aurora Street line, the pipe was very foul, chiefly from 
hospital connection the upper end. The vegetable growth was 
large, and the accumulations organic matter very evident. 

Buffalo Street, where the grade about 12%, the effect the 
flush was amazing. Where any sewage all flows the pipe, 


| | | 0.40 | | 


TIME SCALE IN SECONDS. 


sufficient remove all obstructions. flush any volume rushes 


down the hill high velocity, with piston-like action, and sweeps 
everything before it. 


Table No. gives the distances and grades between manholes 
the lines used the experiments. 


TABLE No. AND BETWEEN 


Dead end Manhole 


The manager the Van Vranken Flush-Tank Company gives his 
practice proportioning the sizes flush-tanks for any particular 
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sewer, follows: The capacity the reservoir should equal 
one-half that length sewer which the grade produces rise 
equal the diameter the pipe; that the Green Street line, ins. 
diameter, and grade, should have discharge half the volume 
the pipe, 100 length, cu. ft.; and for grade one- 
half that, 11.5 cu. ft. says further, and the statement has 
been confirmed the work, that 8-in. pipe 0.4% grade 
will flow about one-third full distance 300 400 ft. from the tank 
discharging the above amount; and that grade the water will 
come down solid piston for any discharge greater than cu. ft. 
The manager the Pacific Flush-Tank Company writes that 
rule does not interfere with engineers their design for tanks, 
but, his opinion, flush 175 galls. grade sufficient, and 
any flatter grade twice that amount water should used, or, 
other words, says, ‘‘long lines flat grades require greater 
capacity tanks than steep grades short lines.” 

Conclusions.—The following conclusions are based upon data this 
subject published previously; upon the experience engineers 
different parts the country; upon the flushing diagrams published 
recently Adams, and upon observation and the special 
experiments made and believed that they are justifiable 
and are safe guide the use flush-tanks. 

(1) Flushing some sort required the upper ends laterals, 
the frequency and amount depending the number house connec- 
tions, the carefulness prodigality the use water the 
householder, the grade and size the sewer, the character 
its construction, and mysterious something which defies defini- 
tion, but which produces frequent accumulations one line and does 
not affect another, apparently like the first. 

(2) This variety the conditions prevents any exact statement 
relation between the quantity water which should discharged 
from flush-tank and the grade but plainly indicates 
that the advantage automatic flush-tanks lies general guarantee 
insurance against accumulations the upper part the laterals, 

while periodic hand-flushing must depended only when charge 
responsible, indefatigable and intelligent caretaker. 

(3) Judging the Ithaca, and despite the statements 

other engineers, seems the author that grades less than 
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automatic flush-tanks are economic necessity, even where water 
has paid for, the added expense frequent hand-flushing more 
than off-setting the possible discharge flush-tanks when not abso- 
lutely necessary. 

(4) The volume water discharged should not less than cu. 
ft., and the effect the flush can hardly expected reach more 
than 600 800 ft. Below this point accumulations may occur which 
must removed hand-flushing and carried toa point where the 
sewage flow has the necessary transporting power. 

(5) flat lines and where obstructions occur below the influence 
the flush-tank, second flush-tank, placed about 800 ft. from the 
first, will more effective than increasing the first tank capacity 
three times its original discharge. 

(6) The frequency discharge should depend the local condi- 
tions, but probable that the maximum interval depends the 
practical working the siphon, that the usual prescription once 
twenty-four hours safe rule. 

(7) tanks are used grades greater than 1%, cu. ft. give 
good results larger amounts, with the same rule frequency 
discharge. 

(8) However, economy best served, grades above 1%, omit- 
ting flush-tanks, and resorting periodic hand-flushing such 
intervals experience shows necessary the different lines. 
most cases semi-annual quarterly flushings, with hose, are 
sufficient. 


(9) grades greater than flush-tanks are unnecessary, and 
their installation waste money. 

(10) Hand-flushing should performed and tanks discharged 
night, flow even inch sewer offers large resistance 


the flushing action; while, with pipe flowing half full, the effect 
flush-tank scarcely visible. 
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MINUTES MEETINGS. 


THE SOCIETY. 


April 6th, 1898.—The meeting was called order 20.20 o’clock, 
President Alphonse Fteley the chair; Charles Warren Hunt, Secre- 
tary, and present, also, 100 members and visitors. 


The minutes the meetings March and 16th, 1898, were 
approved printed Proceedings for March, 1898. 


paper George Hill, Assoc. Am. Soc. E., entitled 
Concrete Construction,” was presented the author. Correspond- 
ence the subject from Messrs. Johnson and Johnson 
was presented the Secretary. The paper was discussed orally 


and George Hill. 
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were canvassed and the following candidates declared 
elected: 
Harts, High Bridge, Ky. 
ARCHIBALD St. Paul, Minn. 
CHARLES ADELBERT Fort Madison, Ia. 
Horrman Tays, San José Gracia, Sina- 
loa, Mexico. 


MEMBERS. 


ALDO ALDERMAN, Eau Claire, Wis. 

Justin Burns, New York City. 

New York City. 
Emerson Davis, North Rochester, Mass. 
CHARLES ALFRED Indianapolis, Ind. 


The Secretary announced the election the Board Direction 
April 5th, 1898, the following candidates: 


ASSOCIATE. 


JUNIORS. 


The Secretary announced the death elected 
Fellow January 14th, 1871; died March 8th, 1898. 


Adjourned. 


April 20th, 1898.—The meeting was called order 
President Alphonse Fteley the chair; Charles Warren Hunt, Secre- 
tary, and present, also, members and guests. 

paper James Ritchie, Am. Soc. E., entitled The Con- 
struction the Lorain Dry Dock and Shipyard the Cleveland Ship- 
Building Company,” was presented the Secretary and discussed 
Messrs. Buck, Collingwood, Charles Macdonald, 

The Secretary announced the death Minturn, elected 
Member November 2d, 1887; died April 7th, 1898. 


Adjourned. 
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THE BOARD DIRECTION. 


April 5th, 1898.—President Fteley the chair, Chas. Warren 


Hunt, Secretary, and present, also, Messrs. Deyo, Just, Manley, Owen, 
Parsons, See and Wisner. 


The territory occupied the membership the Society was 
divided into seven geographical districts, required Art. VII 
Sec. the Constitution (see under Announcements,” below) 


The action taken the Board, April 6th, 1897, accepting 
the resignation Horatio Seymour, was reconsidered, and his 
request Mr. Seymour was reinstated Member the Society. 


Applications were considered and other routine business trans- 
acted. 


One candidate was elected Associate and two Juniors. 


Adjourned. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society will open every day hereafter from 
o’clock, except Sundays, when the hours will from 

NOMINATING COMMITTEE. 


Under Art. VII, Sec. the Constitution, the Board Direction 
has divided the territory occupied the membership into seven 
geographical districts for the purposes the Nominating Committee, 
and now announce this division the membership: 


District No. 1.—The territory within miles the Post Office the 
City New York. 

States Maine, New Hampshire, Vermont, 
Massachusetts, Rhode Island and Connecticut 
(except included District No. 1), and all 
countries Europe. 

States New York and New Jersey (except 

included District No. 1), and the Dominion 
Canada. 

4.—The States Pennsylvania, Delaware and Maryland, 

and the District Columbia. 

5.—The States Ohio, Indiana, Michigan, Wis- 

consin, Iowa and Minnesota. 


District No. 


District No. 


District No. 


District No. 
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District No. 6.—The States Virginia, West Virginia, North Caro- 
lina, South Carolina, Georgia, Florida, Kentucky, 
Tennessee, Alabama, Mississippi, Missouri, Arkan- 
sas and Louisiana, the West India Islands, and all 
countries South 

District No. 7.—The States North Dakota, South Dakota, Nebraska, 
Kansas, Texas, Montana, Wyoming, Colorado, 
Idaho, Utah, Washington, Oregon, California and 
Nevada; the following territories—Indian Terri- 
tory, Oklahoma, New Mexico, Arizona and Alaska; 
the Republic Mexico, and all countries Cen- 
tral America, Asia, Australasia and Africa. 


COLLINGWOOD PRIZE FOR JUNIORS. 


This prize, which consists cash, with engraved cer- 
tificate signed the President and Secretary the Society, was 
instituted and endowed 1894. 

The expectation the donor, Francis Collingwood, Am. 
E., restricting its award papers prepared Juniors, was that 
would encourage the younger members add the permanent 
record whatever interest came their attention their professional 
work. 

This expectation has not been realized, and the reason for this 
failure not easy find. Nearly all who enter the Society the 
grade Junior shortly after graduation, and must, therefore, 
practice for least four years before advancing permanent grade. 
would seem, view these facts, that the proper amount 
effort were made, the result should that each year there should 
several papers presented Juniors, worthy the recognition which 
the award this prize implies. 

simple, clearly expressed recital problems encountered and 
overcome, even record unsuccessful effort leading dis- 
cussion which throws light the subject, will often prove great 
interest. 

mentioned that during the past year the 
Civil Engineers awarded seven prizes Students.” 

hoped that this note will result awakening the professional 
interest the work the Society, which should animate Juniors 
well Members other grades. 


ANNUAL CONVENTION. 


The Thirtieth Annual Convention the Society will held 
Detroit, Mich., during the last week July, 1898. Messrs. George 
Wisner, McVean and Chas. Warren Hunt have been appointed 
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Committee the Board Direction make the necessary arrange- 
ments. 


Papers intended for presentation the Convention must, order 
issued advance, printed the May number Proceedings. 
Such papers should therefore the hands the Secretary 
early day, the date issue this number May 25th, 1898. 


MEETINGS. 


Wednesday, May 4th, 1898, o’clock, regular meeting will 
held, which paper Ogden, Jun. Am. E., enti- 


tled, Flushing Pipe Sewers,” will presented. was printed 
the March number Proceedings. 


Wednesday, May 18th, 1898, o’clock, regular meeting will 


Niagara Railway Arch,” will presented. printed this 
number Proceedings. 


Wednesday, June Ist, 1898, o’clock, regular meeting will 
held, which Robert Stanton, Am. E., will address 


the Society The Cliff Dwellers.” The address will illustrated 
the stereopticon. 


Wednesday, June 15th, 1898, o’clock, regular meeting will 


held, which paper Sweitzer, Jr., Jun. Am. E., 
entitled, Origin the Gulf Stream and the Waters 
the Gulf Mexico, with Special Reference the Effect Jetty Con- 
struction,” will presented. printed this number Pro- 
ceedings. 


DISCUSSIONS. 


Discussion the paper Thomas, Am. E., enti- 
tled, Movable Dams,” which was presented the meeting March 
16th, 1898, will closed May 1898. 

Discussion the paper George Hill, Assoc. Am. E., 
entitled, Steel Concrete which was presented the 
meeting April 6th, 1898, will closed May 15th, 1898. 
the paper James Ritchie, Am. E., enti- 
tled, Construction the Lorain Dry Dock and Shipyard the 
Cleveland Ship-Building Company,” which was presented the meet- 
ing April 20th, 1898, will closed June 1st, 1898. 
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Annual Report the City Engineer 
City Lynn, Mass., for 1888 
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Report the City Engineer the 
ity Marlborough, Mass., for 1892. 
Report the Superintendent Streets 
the Town Medford, Mass., for 
1892, and 1894. 

Annual Report the City Engineer 
the City Nashua, H., for 1891. 
Annual Report the Officers the 
Town Enosburgh, Vt., for 1890. 
Census Massachusetts for 1885. Vol. 


Catalogue Charles Miller Son, 
Water Works Supplies, Utica, Y., 
for 1894. 

Report the General Superintendent 
the Railway Mail Service for 1891 
to 1893. 

Annual Reports the City Engineer 
the City Somerville, Mass., for 
1890 and 1891. 

Annual Reports the City Rock- 
land, Me., 1889 1894. 

Annual Reports the City Civil Engi- 
neer Portland, Me.. 1890 1894. 

Annual Reports the Superintendent 
Streets and Sewers the City 
Springfield, Mass., for 1884 and 1889. 

Reports the City Engineer To- 
ronto for 1882 1889. 

Report the City Engineer Con- 

Annual Reports the Town La- 
H., for 1893 and 1894. 

Annual the Board Re- 
gents the Smithsonian Institution, 
July, 1885, Part and July, 1894. 

Annual Reports and Statements the 
Chief the Bureau Statistics 
the Foreign Commerce and 
tion, Immigration and Tonnage 
the United States for the years 1891 
and 1892. 

Biennial Report the President 
Fire and Police Commissioners 
Memphis the Governor the 
State, December 1st, 1886. 

Report the City Surveyor Que- 
bec for the year 1872-73. 

Commercial Relations the United 
States with Foreign Countries during 

_the years 1894 and 1895. Vol. 

Ninth Annual Report the Board 
Directors the Norfolk and West- 
ern Railroad Company, for the year 
ending December 1889. 

Register the University 
fornia, 1895-96. 

United States Trade-Mark Associa- 
tion Bulletin, September, 1898. 

Catalogue the State University 
Towa, 1895-96. 

Annual Reports the Directors the 
Stockholders the Chicago, Rock 
Island and Pacific Railway Company, 
1891-94, 

Proceedings the Annual Conven- 
tions the Roadmasters’ Associa- 
tion America, for 1884, 1887 
90, and 1890 

Report the President and Managers 
the Stockholders the Phila- 
delphia and Reading Railroad Com- 
pany, November 1891. 

Forty-second Annual Report the 
Managers the Philadelphia and 
Erie Railroad Company the Stock- 
holders, February 14th, 1898. 

Annual Reports the President and 
Directors the Canada Southern 
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Railway Company for the years end- 
ing December 31st, 1892, 1893 and 1895. 
Annual Reports the Chicago and 
North Western Railway Company 
for the years 1890, 1892, 1893 and 1895. 


Annual Reports the Chicago, Mil- 


waukee and St. Paul Railway Com- 
pany for the years 1890-91, 

Annual Reports the Officers the 
Town St. Albans, for the years 
ending February, 1882 and 1884 

Annual Reports the St. Paul, Min- 
neapolis and Manitoba Railway Com- 
pany, for the fiscal years ending 

une 30th, 1892, 1893 and 1895. 

Annual Report the Chicago, Bur- 

lington and Quincy Railroad Com- 
any, for the years ending Decem- 
1889 and 1890. 

Bids for Building Sec- 
tions and the Croton Aque- 
duct the Twenty-fourth Ward, 
New York City, 1884. 

Specifications for the Construction 
the Extension the Sixty-eighth 
Street Tunnel, Chicago, 1892. 

Two Copies the Reports the 
Aqueduct Commission the New 
Croton Aqueduct, New York, 1884. 

Proposal for Building Section the 
Sudbury River Conduit, 1875. 

Proposal, Contract and Specifications 
for Constructing Fort Edward Water 
Works, 1893. 

Quantities, Specifications, Proposals 
and Contracts for the Theresa Water 
Works, Theresa, 

Specifications for Buildings for the 
Greenville Water and Light 
Co., Greenville, Texas. 

General Contract for the Greenville 
Water and Electric Light Co., 
Greenville, Ohio. 

Specifications for Water Works, Berry- 
ville, Va., 1891. 

Specifications for Water Works, Red 
Bank, New Jersey, 1884. 

Specifications, Forms for Proposals, 
and Articles Agreement for the 
Water Works, Astoria, Ore., 


Specifications for Water Works, Sault 
Ste. Marie, Mich., 1885 

Specifications tor the Water Tower and 
Intake for the Sault Ste. Marie Water 
Works, Sault Ste. Marie, Mich. 

Contracts and Specifications for the 
Water Works the Hackensack 
Water Co., 1881. 

Specifications the Milton Water 
Milton, Pa., 1883. 

Proposals for the Water Works 

aterbury, Vt., 1896. 

Proposals for Riveted Steel Pipes for 

Works Duluth, Minn., 
a. 

Specifications for System Water 
Works for Bethany, Mo., 1894. 

Contract for the Gilbertsville Water 
Works, Gilbertsville, Y., 1896. 

Contracts, and Proposal 
for the Boonville Water Works, 


Boonville, Y., 1897. 

Annual Reports the Denver and Rio 
Grande Railroad Co. for the Years 
ending June 30th, 1891 

Proceedings the New England Road- 
masters’ Association for 1883, 1885, 
1886, 1888 1890, and 1892 1895. 
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Proceedings the Association Rail- 
way Superintendents Bridges and 
Buildings, for 1898 1896. 

Annual the Philadelphia 
and Reading Railroad Co., for the 
ending November 30th, 1889 and 


Annual Reports the Northern Pacific 
Railroad Co. for 1891 1893. 

Report the Comptroller the 

orthern Pacific Railroad Co., for 
the year ending June 30th, 1895. 

St. Rollox Locomotive and Carriage 
Works the Caledonia Railway. 

Dunn. 1897. 

Treatise Public Health and its Ap- 
plications Different European 
Countries. 1898. 

Proceedings the Meeting the 
Railway Association for 

Returns the Accidents and Casual- 
ties Reported the Board 
Trade the Several Railway Com- 
panies the United Kingdom, 
1896. 

General Report the Board Trade 
from the Railway Companies the 
United Kingdom, for the year 1894. 

Circulars from the Board Trade 
the Railway Companies the United 
Kingdom and Correspondence Rela- 
tive Thereto, 1895, 1896. 

General Report the Board Trade 
upon the Accidents that have Oc- 
curred the Railways the United 
Kingdoms during the year 1894. 

Administration Report the Rail- 
ways India, for 

Returns the Railway Companies 
the United Kingdom Signal Ar- 
rangements and Systems Work- 
ing, for 1898 1895. 

Returns the Railway Companies 
the United Kingdom the Work- 
Continuous Brakes, 1894 


Railway Returns for England and 
Wales, Scotland and Ireland, for 
1894-1895. 

Annual Reports the Southern Paci- 
fic Company, for 1889-1892. 

Annual Reports the Directors the 
Union Pacific Railway Companies, 
for the years ending December 
1890 to 1898. 

Annual Reports the Louisville and 
Nashville Railroad Company, for 
1890-91, 1891-92, 1892-98, 1894-95, and 
1895-96. 

Annual Reports the Baltimore and 
Ohio Railroad, for 1890-1891. 

Record Transportation Lines the 
Pennsylvania Railroad, for the years 
1892, and 1895. 

Annual Reports the New York Cen- 
tral and Hudson River Railroad 
for the years ended June 
1890, 1891, and 1895. 

Report the General Superintendent 
Railway Mail Service, for the 
fiscal year ended June 30th, 1890. 

Report Cholera Euro and 
India. Shakespeare, 1890. 

Report the Commissioner Educa- 
tion for the year 1894-95, Vol. IT. 

Annual Report the Commissioner 
Railroads, State Michigan, for the 
year 1891. 


[Society 


Annual Report the State Board 
Health Massachusetts, for 1896. 

Compendium the Tenth 
Census, Part 

Railroad Map Wisconsin, 1886. 

Atlas accompany Report 
Pennsylvania Second Geological Sur- 


vey. 

Vagaries Sanitary Science: 
Dibble, 1893. 

Official Railway List and Handbook 
Useful Information for Railway Men, 
for 1894, 

Annual Reports the Board Public 
Kansas City for 1893 and 
1894, 

Annual Report the City Engineer 
the City St. Joseph, Mo., for the 
year ending April 15th, 1889. 

Annual Reports the City Engineer 
Omaha, Neb., for 1885, and 
1890 

Annual Reports the Sewer Commis- 
sioner St. Louis for the years end- 
ing April, 1890 1891. 

Annual Report the Board Public 
Works Kansas City, Mo., for 1889, 
and for the years ending April, 1891 
and 1892. 

Charter Amendments Kansas City, 
Mo., Adopted February 27th, 

Annual Report the Board Public 
Works the City Duluth, 
for the years ending February, 1888 
1896. 

Annual Report the Engineering De- 
the City New Bed- 

ord, Mass., for the year 

Annual Reports the City Engineer 
Newton, Mass., for the years 
1884, 1886 1890, 1892 and 1895. 

Report Albert Noyes and Edward 
Buss Plan for Surface Drain- 
age for the City Newton, Mass., 
December 12th, 1892. 

Annual Reports the Officers the 
City Northampton, Mass., for the 
years ending November 30th, 1889 
and 1890. 

Annual Reports the Rio Grande 
Western Railway Company for the 
years 1890 1893 and 1895. 

Annual Reports the Norfolk and 
Western Railroad for the 
years 1890 1892 and 

Annual Reports the City Engineer 
Cambridge, Mass., for the years 
1886 and 1889 1893. 

Annual Reports the Town Officers 
the Town Chicopee, for 
Ten Months ended December 31st, 


Annual Reports the City Engineer 
Haverhill, Mass., for the years 
1888 and 1889. 

Reports the City Engineer Fitch- 
burg, Mass., for 1891 1895. 

Proceedings the Roadmasters’ Meet- 
ings the Atlantic and Great West- 
Railroad for the years 1875 


1883. 

Annual Reports the Chicago St. 
Paul and Kansas City Railway Co. 
for the years ending June 30th, 1890 
and 1891. 

Annual Report the Chicago and 
Northwestern Railway Company for 
the Thirty-second fiscal year, 1891. 

Annual Reports the Chicago, St. 
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Paul, Minneapolis and Omaha Rail- 
way Company for the years 1890 
1892 and 1895. 

Proceedings the American Society 
Railroad Superintendents for the 
years 1889, 1892, 1893 and 1895. 

Annual Reports the City Surveyor 
Montreal, Canada, for the years 
1883 1895. 

San Francisco Municipal Reports for 
the fiscal year ending June 30th, 1890. 

First Annual Report the Board 
Public Works the City Tacoma, 
Wash., for the year ending October 
1891. 

Omaha Municipal Reports for the fis- 
cal year ending December 1888. 

Annual Report the City Engineer 
the City Minneapolis for the years 
1891 1894. 

Annual Report the Board Public 
Works the City St. Paul, 1886. 
Annual Reports the City Engineer 
St. Paul for the years 1891, 1883 

and 1894. 

Municipal Wichita, Kan., 

the fiscal year ending March 31st, 


Annual Reports the City Officers 
Atchison, Kan., for the fiscal years 
1889 and 1890. 

Annual Reports the Town Somer- 
ville, Mass., for the years 1857 1860, 
1863, 1865, 1866, 1871, 1875, 1876 and 1879. 

Second Annual Report the Public 
Improvement Commission the 
City Troy, February 1892. 

Proceedings the Common Council 
and Reports the City Officers 
Syracuse, Y., for the year 1889. 

Two copies the First Annual Mes- 
sage Hon. Cabel Denny, Mayor 
Indianapolis, with the Annual Re- 
ports the City January, 1894. 

Annual Reports the City Officers 
Ia., for the years 1892 


Third Annual Report the Depart- 
Public Works, Peoria, 


1894. 

City Comptroller’s Report for Peoria, 
for 1892-1898. 

Annual Reports the Board Public 
Works Saginaw, Mich., for the 
years 1889 1892. 

Biennial Report the Fire and Police 
Commissioners Memphis, Tenn., 
for the years 1891 and 1892. 

Annual Reports the City Engineer 
the City Des Moines, Ia., for the 
years 1885 and 1886. 

Annual Reports the Chief Engin- 
Wilmington, Del., for 1891 and 

Annual Reports the City Will- 

nnual Report the City Readi 
Pa., for the year 1887. 

Account Street Improvements 
made Columbus, Ohio. 

First Annual Report the City Engi- 
the City Butte, Montana, 


Final Decision, after Rehearing, the 
Board Railroad Commissioners, 
State Kansas, The Wichita Grocery 
Co. and others versus The 
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Grundziige des Kleinbahnwesens, von 
Friedrich 

Proceedings the Second Annual 
Meeting the International Road- 
Masters’ Association, 1880. 

Department Reports the City 

arrisburg, Pa., for the year 1889. 

Annual Reports the Heads De- 

the City Erie, Pa., 
the year ending April, 1893. 

Annual Report the City Engineer 
Easton, Pa., for the year ending 
March 1896. 

Messages, Controller’s State- 
ment and Department Reports the 
City Easton, Pa., for the year end- 
ing March 1895. 

Annual Reports the City Officers 
the City Paterson, for the 
ending March 20th, 1878, and 

87 


Annual Report the City Engineer 
the City Altoona, the year 
ending December 1891. 

Report the Sewer Committee the 

ity Schenectady, Y., for the 
year 1886. 


Annual Reports the Engineering 
and Street Departments the City 
Gloversville, Y., for the years 
1891, 

Annual Reports the City Glovers- 
ville, for the years 

Engineer’s Reports for the City 
Binghamton, Y., 1892 and 1894. 

Report the Sewer Commissioners, 

ity Amsterdam, Y., 1888-89. 

Annual Reports the City Engineer 
Y., for the years 1891, 

Annual Reports the City Engineer 
Waterbury, Conn., for the years 
1890, 

Reports the Committee Streets, 

treet Commissioner, and Board 
Sewer Commissioners the City 
Norwich, Conn., 1886-87. 

Annual Reports the Board Sewer 
Commissioners for the City New 
the years 1887 

Annual Reports the Department 
the Board Public Works, City 
New Haven, for the years 1888 
and 1889. 

Annual Report the Department 
Public Works the Mayor the 
City San Diego, California, for the 
year ending December 31st, 1890. 

Los Angeles Municipal Reports for the 
year ending November 30th, 1891. 

Annual Report the City Civil Engi- 
neer the City Council the Cit 
Columbus, Ohio, for the year end- 
ing March 1890. 

Report the Board City Commis- 
sioners the City Youngstown, 
Ohio, April, 1893. 

Annual Reports the City Civil Engi- 
neer the City Toledo for the 

ears 1886, 1888. 

Address Col. George Waring, Jr., 
the Sewerage Columbus, 
Ohio, June 23d, 1890. 

Annual Messages the Mayors the 
Passaic for the years 1891, 
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Reports the City Surveyor the City 
Newark, J., for the years 1886, 

Third Annual Report the City Sur- 
veyor and Supervisor Streets and 
Highways, Camden, J., for the 
year 1889. 

the Township Committee 
the Township Bloomfield, J., for 
the year ended April 1st, 1894. 

Annual Statements the Board 
Directors the Street and Sewer 
Department Wilmington, Dela- 
ware, for the years 1887-91, 

Annual Reports the City Commis- 
sioner the Mayor and City Council 
Baltimore for the years ending 

Message Robert Davidson, Mayor, 
the City Council Baltimore, Jan- 
uary, 1891. 

Message Ferdinand Latrobe, 
Mayor, the City Council Balti- 
more, January, 1892. 

Specifications for Constructing Reser- 
voir Cork Center Creek and Con- 
duit Line Johnstown, 

Specifications for the Construction 
the new Reservoir for the Buffalo 
City Water Works, 1889. 

Proposals, Contract and Specifications 
for Stone Dam across the Connec- 
ticut River Holyoke, Mass., 1895. 

Specifications for Brick Tower and 
Steel Tank for the City Minonk, 
Til., 1896. 

Specifications for Stand Pipe Bur- 
ington, J., 1888. 

Specifications for Stand Pipe, No. St. 
Louis Water Works. 

Contract and Specifications for Tank 
for Schenectady, Y., Water 
Works. 

Specifications for the Construction 
System Water-Works West 
Union, Iowa. 

Specifications for the Construction 
System Water Supply New 
Fort Bliss, near Paso, Texas, 

Specifications Works for the Water 
Supply the City Portland, 
Oregon. 

Specifications for System Water- 
Works for Harvard, Neb., 1894. 

Contract and Specifications for Stand 
Tower and Foundations, West 
Arlington, Baltimore, Md., 1897. 

Contract and Specifications for Steel 
Stand Pipe, West Arlington, Balti- 
more, Md., 1897. 

Contract and Specifications for 48-In. 
Steel Force Main for New Bedford, 
Mass., 1894. 

Specifications for Streets 
the City Louisville, Ky., 1889. 

Specifications for Granite Paving 
Blocks, Granite Flagging and Curb- 
for the City Louisville, Ky., 

Specifications for Street Repairs for 
the City Louisville, Ky., 1886. 

Specifications for the Construction 
Road Wabash County, Ind. 

Specifications for Reconstruction 
Streets with Vitrified Brick 
Blocks. 

Specifications for the Reconstruction 

Streets with Granite Blocks. 
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Specifications for the Reconstruction 
Streets with Asphalt Pavements. 
Proposal for Reconstructing Streets 
Asphalt Pavement, Louisville, 


Specifications for 
Streets Louisville, Ky. 

Specifications for Sewers for the City 
Louisville, Ky., 1889. 

Specifications for Pumping Engines 
and Boilers. 

General Specifications for Pumping 
Engines and Boilers for the Mil- 
waukee Water-Works. 

General Specifications for Pumping 
Engine for the Water-Works 
Lowell, Mass. 

Specifications for Brick Pavement 
the City Porte, Ind. 

Specifications, No. 25, for Asphalt 
Street Wearing Surface for Los 
Angeles, 1897. 

Proposals for Paving with Vitrified 
Brick for Lock Haven, Pa. 

Proposals and Specifications for Regu- 
lating and Macadamizing certain 
Roads Jamaica, I., 1892. 

Contract and Specifications for Fur- 
nishing Cast-Iron Water Pipes and 
Special Castings for the Boston 
Water-Works. 

Contract and Specifications for Cast- 
Iron Water Pipes and Special Cast- 
ings for the Water Department, 
Providence, 

Cast-Iron Coated Water Pipe and 
Specifications for its manufacture; 
Paper Read the Philadelphia Meet- 
ing the American Water-Works 
Association, April, 1890, Thomas 
Yardley. 

Specifications, Proposals, and Form 
Contract for Material and Pipe Lay- 
ing for System Water Works 
Chatham, Morris Co., 


Specifications for the Construction 
Sewers and Drains Watervliet 
Arsenal, West Troy, 

Specifications and Contract for High 
Service Pumping Engine No. for 
the Boston Water Works, 1892 

Specifications and Contract for Mystic 
Station Pumping Engine No. for 
the Boston Water Works, 1893. 

Specifications for the Construction 
the City Auburn, Y., 


Proposal for Sewers for Boone, Iowa, 
1 


Contract and Specifications for the 
Construction Sewers and Appur- 
tenances for Orange, J., 1892. 

Specifications and General Conditions 
Contract for the Construction 
Sewers Carson City, Nevada, 

Contract for Sewage Disposal Beds, 
etc., the City Altoona Creswell 
Station, 1896. 

Proposals for Pumping Engines for the 
Improved Sewerage Commission 
Boston, 1879. 

Proposal for Building Section Outfall 
Sewer, and Moon Island Reservoir, 
for Boston, 1880. 

Three contracts, and Specifications for 
Building Sewers the City Provi- 
dence, 
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Contract and Specifications for Hope 
Reservoir, Providence, I., 1873. 

Specifications the manner Con- 
structing Dam and Masonry for Res- 
ervoir Gilbert Brook, Bradford, Pa. 

Specifications for the Construction 

Nater Works the City Toma- 
hawk, Wis., 1891. 

Contract and Specifications for Re- 
building Stone Dam and other Work 
Skaneateles, Y., 1892. 

Form Contract for Building the New 
Croton Dam Croton River, 
Cornell Site, 1892. 

Contract and Specifications for the Dis- 
Reservoir St. Paul, Minn., 


Contract and Specifications for Build- 


ing the Fisher Hill Reservoir, Bos- 
ton, 1885. 

Contract and Specifications for the 
Sockanosset Reservoir, Providence, 
1870. 

Contract and_ Specifications for Con- 
structing Certain Portions 
Sewerage System for Marlborough, 
Mass., 1890. 

Contract and Specifications for Build- 
ing Section Newton Sewerage Sys- 
tem, Newton, Mass., 1891. 

Contract and Specifications for Con- 
struction Sections Nos. and 
the Niagara Falls Sewerage System, 
Niagara Falls, Canada. 

Specifications for Sewer Construction, 
Madison, Wis., 1896. 

Specifications for Water Works Red 
Oak, Ia. 

Specifications for the Water Works 
the Village Kirkwood, 

Specifications for the Construction 
Water Works Elgin, 

Specifications for Extending Water 
Works Dallas City, Oregon, 1890. 

Specifications for the Construction 
Water Works Aurora, 1885. 

Specifications for Water Works Day- 
ton, Wash. 

for Work the Ridge- 
wood Pumping Station the Brook- 
lyn Water Works, 1895. 

Specifications for Additional Pipe Con- 
duit from Milburn Engine House 
the Gate Chamber Spring Creek, 
Brooklyn Water Works, 1896. 

Specifications for Pipe Line from Crys- 
tal Creek Intersection Main and 
Twelfth Streets, Wytheville, Va. 

Contract and Specifications for Laying 
Water Pipes and Constructing Reser- 
voir, Amherst, Mass., 1897. 

Contract and Specifications for Fur- 
nishing Cast-iron Water Pipes and 
Specials, Amherst, Mass., 1897. 

Form Proposal and Contract for 
Extension the Aqueduct East 
Rockville Centre, Brooklyn, Y., 
Sections 1-7. 

Specifications for Pipe Lines, etc., for 
Water Supply for the City Lud- 
low, Ky., August, 1892. 

Specifications for Furnishing Water 

ishawal ater Works Compan 
Mishawaka, Ind. 

Specifications for the Construction 
Section No. the New Water 


Works Intake North 
Milwaukee. 
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Contract and Specifications for Dam 
and work Roberts’ Basin, Cam- 
bridge Water Works, Stony Brook 
Supply. 

Proposals for Estimates for Regulat- 
ing and Grading One Hundred and 
Ninth Street. 

Specifications for Pumping Machinery, 
Department Public Works, Chi- 
cago, 

Contract and Specifications for Pump- 
ing Machinery, Toledo Water Works. 

Specification for the Building Con- 
crete Wall the Foot the Inner 
Slope the South Basin Queen 
Lane Reservoir, Philadelphia, Sep- 
tember, 1895. 

Specifications for Cast Iron Water Pipe, 
New Water Supply for Galveston, 
Texas. 

Contract and Specifications for Fur- 
nishing and Erecting Pumping Ma- 
chinery for the St. Bernard Electric 
Light and Water Works, 1894. 

Specifications for Pumping Engine 
McCarron Lake. 

Specifications for the Construction, 
Delivery and Erection Pumping 
Engine Runyon, J., 1897. 

Specifications the Material and Labor 
Required the Construction 
Roads, Concrete Pavements, etc., 
Fort Wayne, Michigan. 

Contract for the Construction the 
Parkway and Driveways connected 
with the City Wilmington, Del. 

Specifications for Repaving Central 
Avenue with Re-pressed Vitrified 

Proposals for Regulating and Paving 
with Granite-Block Pavement the 
Roadway One Hundred and Thirty- 
second Street, from Fourth Madi- 
son Avenues, Y., 1888. 

Proposals for Regulating and Paving 
with Macadam-Pavement Morris and 


Specification for Steel 
Shafts, Bureau Water, Philadel- 
phia, January, 1896. 

Specifications for Dam and Reservoir 
for the Greenville Water and Electric 
Light Greenville, Texas. 

Contract and Specifications for Pipe 
Laying, Toledo Water Works, 1896. 

Specifications for Water Works for the 
City San Bernardino, Cal., 1890. 

Specifications for Cast-Iron Water Pipe 
for Force Main, Nashville Water 
Supply, 1885. 

Proposals for Submerged Pipes, Port- 
land, Ore., 1893. 

Specification for Cast-Iron 
Castings, Dartmouth Water 
Works, 1891. 

Specification for Cast Iron Pipe for 
Jackson Park, Chicago, 

Proposals for Water Pipe for the City 
Syracuse, 1892. 

Proposals, Specifications and Contract 
for Sheet Asphaltum, Brick and Stone 
Paving for the City Omaha, 1897. 

Contract and Specifications for Regu- 
lating and with Vitrified 
Brick Pavement, Carriageways 
Brooklyn, 

Specifications for Cedar Block Pave- 
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ment Concrete Foundation the 
City Detroit, Mich., 1894. 

Specifications for the Construction 
the Green Township Free Turnpike, 
Hopedale, O., 1896. 

Specifications for Gravel Road from 
Hammonton Absecon, through 
Atlantic County, 

Contract and Specifications for Brick 
and Maintenance, Sioux City, 

owa. 

Contract and Specifications for Paving 
with Brick Concrete Foundation 
for the City Newark. 

Specifications for Paving Fifth Street, 
Marion, Ind. 

Specifications for Twenty-Million- 
Gallon Pumping Engine, Bureau 
Water, Philadelphia. 

Contract for Gates, Head Racks, 
Penstocks, Valves, Turbines and 
for the City Austin, Texas, 


Specifications for Pumping 
Mich. 

Proposals for the Construction, De- 
livery and Erection Two Horizon- 
tal Four Cylinder Compound Con- 
densing Engines, Chicago, 1894. 

Specifications for the Construction 
Storage Reservoir for the City 
Trinidad, Colo. 

Contract for Masonry the Abut- 
ment, Head Gate and Return Walls 
adjoining the Dam and Power House 
the City Austin, Texas. 

Specifications for Dams, Nos. and 
Bound Brook, Water Company, 
Bound Brook, 

Specifications for the Construction 
Sewerage for the City 
Trinidad, Colo. 

Specifications for Sewers the City 
Champaign, 

Proposals for Estimates for Sewage 
Plant, New Rochelle, 


Proposal, Specifications and Bond for 
Constructing Masonry Sewer Salt 
Lake City, Utah, 1893. 

Specifications for Nyack Sewer 
Rockland County, Y., 

Proposals for Sewer One Hundred 
and Fifteenth Street between Eighth 
Manhattan Avenues, New York, 

Specifications Willow Run Sewer. 

Contract and Specifications for Sewer 
Construction, City Everett, Mass. 

Proposals for and Ap- 

urtenances, Montclair, J., 1893. 

Advertisement, Instructions Bidders, 
Proposal, Specifications, Contract 
and Bond for the Construction 
Pipe Sewers, Salt Lake City, Utah. 

Notice Specifications, etc., Sharon 
Springs, New York, Water Works 
and Sewers. 

Specifications Water Works and 
Sewerage for Summerville, Georgia. 

Outline Specification for Pumping En- 

ines and Boiler Piping Engine 
ouse—Standpipe for System 
Water-Works, tham, 1897. 

Proposals for Labor and Material, Port 
Leyden Water Works, 1889. 

General and Detailed Specifications for 
Eatonton, Ga., Water Works. 
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Contract and Specifications for Chero- 

kee, Ia., Water Works. 

Specifications for Water Works for 

Kingsto 

pecifications, Pipe, gston, 
Ontario, 1890. 

Specification No. for Annexes En- 
ine House and Boiler House and for 
Stack Belmont Pumping Sta- 

tion, Philadelphia, 1895. 

Specification No. for the Laying 

Terra Cotta Drain Pipe around 
Lane Reservoir, Philadelphia, 


Specification No. for Asphalt Paint 
Lining with Burlap for Lane 
Reservoir, Philadelphia, 1895. 

Specification No. for Water-Tight 
Lining Queen Lane Reservoir, 
Philadelphia, 1895. 

Specification No. 10, for Asphalt Paint 
Lining New Reservoir, Roxbor- 
ough, Philadelphia, 1895. 

Specification No. 12, for Water-Tight 
Lining New Reservoir, Roxbor- 
ough. 

From the Engineers’ Club St. Louis: 

Third Annual Bulletin, 1898. 


From John Francis, London: 
Pamphlet entitled, “The Seventieth 
Birthday the 
From Gaudard, Lausanne, France: 
Barrage Periyar; Barrages 
Voutes. 
From Harvard University: 
Catalogue for 1897-98. 
From Rudolph Hering, New York City: 
Second Geological Sur- 
vey, Atlas Bucks and Montgomery 
Counties. 


From Clemens Herschel, New York City: 
Standesinteressen der Deutschen In- 
genieure von Erich von Boehmer. 
From the Institution Civil Engineers 
Treland: 
Transactions the Institution; Sixty- 
third Session May, 1897. 
From Lehigh Uni- 
and Henry Jacoby, Ithaca, 


Text-book Roofs and Bridges, Part 
IV.; Higher Structures. 


From the Massachusetts Institute Tech- 
nology 
Annual Catalogue, for 1897. 
Annual Report the President and 
Treasurer, for 1897. 


From James Cowan Meem, Brooklyn, N.Y.: 
Proceedings the Brooklyn Engi- 
neers’ Club, for 1897. 
From the River Commission 
Stages the Mississippi River and 
its Principal Tributaries, 1897. 
From the New England Railroad Club: 
Proceedings from November, 1896, 
March, 1897 
Water-Supply and Irrigation Papers 
the United States Geological Survey, 
No. 10: Irrigation Mesilla Valley, 
New Mexico. 


From the Pennsylvania Railroad Com- 
Annual Report, 1897. 


q 
q 
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Affairs. 


From William Pierce, Boston, Mass.: 
Report the Board Metropolitan 
‘ark Commissioners, January, 1898 

From Alexander Potter, New York City 
Report ona System Sewerage and 


Sewage Disposal for the City 
Bridgeton, New Jersey, 1898 
From Collingwood Schreiber, Ottawa, 


Canada 

Annual Report the Department 
Railways and Canals, 1896-97. 

From the State Library, Albany, Y.: 

Annual Reports the State Library, 
for 1895 and 1896. 

Annual Report the Examination 
Department the University the 
State New York, for 1896. 

Annual Report the University 
the State New York, for 1896. 

Extension Bulletins the University, 
Nos. 23. 

Library Bulletin for February, 


From Sturtevant Co., Boston, Mass.: 
Mechanical Draft; practical treatise. 


From the Tompkins Company, New 
York City: 


ADDITIONS LIBRARY AND MUSEUM. 


Purification Sewage Bacterial 
Oxidation. 


From Department the Interior: 
Report Progress Stream Measure- 
ments for the Calendar Year 1896. 
Arthur Powell Davis. 


From Treasury Department, Bureau 
Statistics: 
Foreign Commerce and Navigation 
the United States for the year end- 
ing June 30th, 1897, 


From War Department: 

Monograph upon Reservoirs and their 
Effects the Floods the Missis- 
sippi System. 

From War Department, Chief En- 
gineers: 

Ten Specifications for Wharves, Piers, 
Dredging, Wreck Removal, Pumps 

and for the Supply Cement and 
Stone. 

Twelve Reports the Surveys Cer- 
tain Rivers and Harbors. 


From the Worcester Polytechnic Institute, 
Worcester, Mass.: 


Twenty-eighth Annual Catalogue, 1898. 


q 
4 
4 ? 
q 
a 
| 
4 
7 
| 
x 
| 
4 


BOOK NOTICES. 


BOOK NOTICES. 


TEXT BOOK ROOFS AND BRIDGES. 


Higher Structures. Mansfield Merriman and Henry 
Jacoby. Cloth, ins., pp. 276. New York, John Wiley 
Sons, 1898. 


The first three parts this work are devoted framed structures having two 
supports whose reactions are vertical. the present volume, which forms Part 
the work, structures which have more than two supports, which have two supports 
whose reactions are not vertical, are discussed. The investigations given are mainly 
those the theory stresses and their determinations analytic graphic methods. 

The chapters are follows: Continuous Bridges, Draw Bridges, Cantilever Bridges, 
Bridges, Three-Hinged Arches, Two-Hinged Arches, and Arches Without 

inges. 

number diagrams serve make more clear the description and analysis the 
structures treated, and problems, designed test the the student, ac- 
company each article. 


WATER AND PUBLIC HEALTH. 


The relative purity water from different sources. 
diagrams. John Wiley Sons, New York. 1897. 


The author’s idea this work has been group the principal cities the world 
into classes the quality their public water supplies, and then make 
comparative study their mortality statistics. 

The descriptions the sources supply American and European cities are taken 
from the author’s private notes, from municipal reports, reports improved supplies, 
ete. The statistics typhoid fever, etc., are taken mostly from the published reports 
the cities and the State Boards Health. Data which could not obtained from 
these sources have been secured correspondence. 

The first chapter treats the etiology and prophylaxis typhoid fever, and its 
relations rainfall, sewers, water Chapter entitled, When Does 
Pure Water Chapter III treats the sanitary value impounded and other 
water-supplies, and the last chapter the author states the conclusions drawn from 
study the information and statistics given. 

Appendix shows the death-rates from typhoid fever seventy-six cities, mostly 
American and European, during the six years, 1890-1895. Appendix contains descrip- 
tions the sources the water supplies seventy-five American and European cities. 
The annual rainfall for various American cities, from 1890 1895, inclusive, given 
Appendix and Appendix table showing the number times that different 
fever death-rates occurred all the cities mentioned Appendix during 
the six years, 1890-1895. 

The book contains very complete index and subjects, and the diagrams 
illustrate graphically the ideas which the author has aimed set forth. 
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THE NIAGARA RAILWAY ARCH. 


Historical.—Probably there bridge site the Western Con- 
tinent greater technical well historic interest than that 
the Niagara Railway Arch. Each the former bridges this site 
possessed its day new and striking features, and marked distinct 
advance American engineering. 

The plan spanning the Niagara gorge with suspension bridge 
probably first took practical shape when was suggested the Hon. 
William Hamilton Merritt, St. Catharines, Ontario, descrip- 
tion the Freiburg Suspension Bridge letter from friend. 


was 1844. 1846, through Mr. Merritt’s efforts, charters 


were obtained from the State New York and the Canadian govern- 


ment for the construction the first bridge across the gorge. The 
papers are issued before the date set for presentation and discussion. 
invited from those who cannot present the meeting, and may 


mail the Secretary. with di: ion full will published the 
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scope the bridge built was not then definitely determined, 
but the charters show appreciation the probable development 
railroad facilities and the demand for railroad bridge this point. 
that time there was railroad Niagara Falls from the West, al- 
though the Great Western, afterward the bridge, was 
course construction. 

First Suspension Bridge.—In the winter 1847 the bridge 
panies made contract with Chas. Ellet construct bridge the 
site occupied the present bridge. was their ultimate purpose 
build railway bridge, but the plan was delayed for some years 
the magnitude the undertaking and lack funds. Mr. Ellet first 
threw across the gorge cable thirty-six No. wires, which 
light iron carriage was run for about year and used for the purposes 
the subsequent work and for passenger service. From this was 
developed the earliest bridge, shown Plate VII, which was com- 
pleted 1848. This bridge had 
stiffening truss. Its towers 
were wood, and the expansion 


rollers consisted single 


wooden cylinder under each 
group cables, that is, two 


CROSS SECTION OF BRIDGE AT CENTER 


cross-section this bridge 
shown Fig. 

Mr. Ellet’s connection with the work ceased the completion 
this bridge, and had hand planning the railway bridge 
finally built 1853-1855. 

Railway Suspension Bridge.—The conception, development and exe- 
cution this bridge were the work John Roebling. Both 
engineering feat and historical event, Mr. Roebling’s great work 
enduring interest. fair say that the Niagara Railway 
Suspension Bridge the results theoretical research were more suc- 
cessfully applied practical conditions, far the strength 
materials concerned, than any other bridge built, that 
time. view this bridge shown Plate VIII. 

Prior this, Mr. Roebling had built six suspension bridges, but 
these were for light highway traffic and did not demonstrate his abili- 

ties the extent shown this work. 
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The idea suspension bridge for railway service met with strong 
opposition, some from high sources. Its opponents insisted that 
suspension bridge under the weight railway train must neces- 
sarily subjected excessive and dangerous deflection. Mr. Steven- 
son was this time evolving the plans for the Victoria Tubular Bridge 
Montreal, and opinion was divided the comparative merits 
the two types. was small part Mr. Roebling’s task over- 
come the prejudice against his chosen type bridge. Even after its 

completion and successful operation for several years, was still the 
object much criticism, most which was biased and absurd. 
strange coincidence that these two bridges, the Niagara Railway 
Suspension Bridge and the Victoria Tubular Bridge, built about 
the same time and for the same object, but totally different 
principle, should serve for almost the same length time and pass 
out existence together, give place more vigorous successors, 
better capable meeting the ever-growing exactions trade and 
travel. 

was Mr. Roebling’s firm conviction that other type bridge 
was adaptable the Niagara gorge, and that the suspension bridge 
was the coming type for long-span bridges. the first was 
mistaken, for the three bridges now spanning the gorge, only one 
suspension bridge, and that being replaced. the second, 
was likewise wrong, and yet measure, right. The Niagara Bridge 
was the only railway suspension bridge ever built. Only one other 
was commenced, and that was not completed. Still this type has 
been accepted high authority available for spans length 
beyond the reach other types, for railway well highway 
service. Even viewed the light increased experience, and among 
the vastly multiplied works the engineer, despite flaws developed 
long service, and reconstruction rendered necessary time and 
abuse, the Niagara Railway Suspension Bridge will long remain 
monument engineering skill. was great leap toward the high 
plane bridge construction the present day. 

Reconstruction Railway Suspension Bridge.—In 1877, examination 
disclosed that the outside layers wires the cables had corroded 
the anchorages. The cables were here embedded concrete. The 
strain them due moving loads had worked them loose from the 


concrete, and left small surrounding space open the admission 
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water. This resulted considerable corrosion, especially underneath 
the cables, from the face the masonry back the shoe. 

The renovation the cables and all the subsequent work renew- 
ing the bridge was designed and executed Buck, Am. 
Soc. The defective wires were cut out and the sound ends con- 
nected and spliced under proper stress. The greatest number wires 
that required splicing one end any the cables was 65. The 
wires removed were thoroughly tested ascertain there had been 
any deterioration other than that due local corrosion. The results 
indicated none whatever. fact, some the wires, corroded partly 
through, showed greater ultimate strength per square inch re- 
maining section than did the unaffected wire. 

The wire the cables the early Ellet bridge was used the cables 
the railway bridge. The total number wires the four cables 
was When the cables were taken down last year the wires 
were excellent state preservation. fact, can safely 
stated that, after years service, they were sound when first 
placed position. interesting note that when the strands 
were cut into short lengths they curled up, indication that they 
still retained the set given them the reels which they had 
originally been coiled, and that they had not been overstrained. 

During the work repairing the cables was discovered that 
parts the anchorage had been badly strained, reason imper- 
fectly formed eye-bar heads, light pins, and imperfect packing. 
reinforce these, two new anchorages were put down behind the old 
ones, each side the river, connecting directly with the shoes, 
carrying the strands the cables. This addition increased the 
strength the anchorages about per cent. 

While reinforcing the anchorages, Mr. Buck made careful study 
the problem renewing the stiffening truss. The old wooden 
truss was very badly decayed and racked, and was fast becoming 
ineffective. His plans contemplated replacing the wooden truss with 
metal truss without interrupting traffic. the time this was con- 
sidered very daring undertaking, and grave fears were felt its 
safety and success. However, 1880 the entire plan was carried out 
without single serious mishap. This change decreased the dead load 


the cables 178 tons, and permitted safe increase live load 
from 200 350 tons. 
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full description the work reinforcing the anchorages and 
renewing the stiffening truss can found Mr. Buck’s paper the 
subject the Transactions the Society, June 15th, 1881. 

1886 was decided that safety demanded the renewal the stone 
towers carrying the cables. These had for some years shown signs 
disintegration, but they were kept fair condition replacing de- 
fective stones from time time with sound ones. The disintegra- 
tion was due the inferior quality the stone, and was augmented 
the failure the rollers under the cable saddles perform their 
function because rust. fact, when the roller beds were taken 
out, the rollers were found fixed immovably mass rust 
and cement, which had worked its way from the mortar with which 
the saddles were originally covered Mr. Roebling. This caused 
rocking the towers under live load and changes temperature, 
and greatly accelerated the destructive action the frost the 
was first attempted preserve the towers cutting 
away the defective surface stones and casing them sound masonry, 
but soon developed that the disintegration had penetrated 
deeply remedied this means. was then decided replace 
them with towers iron. 

Briefly described, this was accomplished follows: 

The corners the stone towers were cut away, admit the piers 
and legs the new towers, which were then placed position and 
temporarily secured the former with clamps. The saddles carry- 
ing the cables one tower were then lashed securely lifting 
frame, consisting bent eye-bars and built beams, and the two cables 
were raised together means six 125-ton hydraulic jacks, resting 
the new tower leg. When lifted high enough, the weight the 
cables was taken four short one the top each 
tower leg. The old saddle bearings and three courses masonry 
were then removed, and the heavy built base take the bed plates 
under the saddles was moved into place. The new rollers and bed 
plates were then placed under the saddles and the weight taken 
While the cables were being lifted, period about eight 
hours, trains were allowed the bridge. This completed the work 
reconstruction the suspension bridge. There then remained 
nothing the original structure, except the cables, saddles, suspenders 
and anchorages. The reconstructed bridge shown Plate IX. 
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was thought, when was decided replace the suspension 
bridge, that the old bridge could utilized another site, but when 
the work was done, site was available; and, owing the difficulty 
and expense taking down proper condition for re-erection, the 
whole structure, except, perhaps, the suspenders and the wind-guys, 
was consigned the scrap heap. Some this material, after going 
through the furnace and rolls, will appear again the Niagara Falls 
and Clifton Bridge. 

Arch.—The completed arch shown Plate treating 
the present bridge, simple recital the facts, observed the 
author, all that can contribute towards discussion the 
principles involved the evolution work with which was 
fortunate being associated, during its design and execution. 
feels that much value can and should contributed the 
subject steel arch construction from many well-equipped sources, 
and therefore hopes that whatever lacking the paper will 
forthcoming its discussion. 

The steel arch has, within the past few years, grown greatly in- 
terest and importance, and entitled full consideration. 
rigid, and, such site the Niagara gorge, economical beyond 
any other type. also stands far ahead all others, except, that 
point beauty, perhaps its anti-type, the suspension bridge, takes 
first place the minds some. 

There lacking the simple practical treatment metal arches 
which has been given other types trusses, treatment which 
would supply the wants the engineer who seeks results and cannot 
afford master the numerous partial and abstract treatisesin order 
reach them. 


The fund information this subject not scant, but needs 
concentration. 

The author has derived much assistance from Professor Chas. 
Greene’s book arches, but this does not supply the entire need. 

Division Types.—Arches are usually divided into three general 
types: Ist, three-hinged; 2d, two-hinged; 3d, hingeless elastic. 
Without changing the form arrangement, fact anything other 
than inconspicuous details, the same general design can put any 
ofthe three classes, and each instance will subjected radically 
different stresses and deflections under load. The which 
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the three types best suited given conditions difficult 
solve. 

The three-hinged arch has been, and will perhaps continue be, 
popular type, account its simplicity computation and adjust- 
ment, and the practical absence temperature stresses. However, 
what gained these respects the cost rigidity, matter 
smaller importance roof trusses, but great importance bridges, 
especially those for heavy service. Every hinge intended pro- 
vide for movement, and facilitates distortion under eccentric loading. 

marked advantage removing the center hinge that reversal 
the web members greatly reduced, and the top chord made 
carry larger proportion the stresses which are otherwise carried 
almost entirely the rib. 

Hence the question arises: which ease 
and adjustment, inconsiderable temperature stresses and greater 
vibration, greater rigidity with increased temperature stresses and 
adjustment? similar grounds, comparison can 
made between the two-hinged and the hingeless arches. 

Niagara Railway Arch.—In the design the Niagara Railway Arch 
the problems presented the excessive loading provided for, 
the length the span and the erection, which had accom- 
plished without interruption traffic, all required careful treatment. 

The Chief Engineer, after thorough investigation all available 
types, fixed the two-hinged spandrel-braced arch best meeting 
all requirements. 1882-83, when the subject building bridge 
for the Michigan Central Railway, across the Niagara Gorge, was under 
consideration, prepared design and estimate for spandrel-braced 
arch for that work, erected the same manner the Niagara 
Railway Arch. This design included the center hinge. However, 
opportunity was given present the Bridge Company. The 
present cantilever was the design adopted and built. The Driving 
Park Avenue bridge Rochester, also designed him, was three- 
hinged spandrel-braced arch. The cantilever method erection was 
likewise contemplated the Rochester design, but the use false- 
work there was not impossible, and the method erection was 
optional with the contractors, they adhered the latter method. 

After careful consideration the vibrations the Rochester 
bridge, under loads most produce vibrations, Mr. Buck 


3 
7 
| 
} 
q 
| 
| 
| 
L 
7 
; 
| $ 
3 


274 


BUCK 


NIAGARA. RAILWAY ARCH. 


0000000 


000000000 


000 


1 
4543" 


Pls, 46 x & x5 
2 Fill. 20 x 


Filmy x Uy 


° 
{ 
10 ©0000 0 12 Pls, 294 x x211 
o_o _ 000010; © o_o 
im) © © 4 
26 
lo ° 
4 fe) 
° 
io 
! 
off 2 Pls. 80 x 1 x 12414 
Fill. 48x 4% x62 0. 
° 910 109 9 
13" q 
Pl. 34 x X 31055 


1898. 


BUCK NIAGARA RAILWAY ARCH. 


xD 
awn 
c 
WwW 
a 
a 


APRIL, 


- 


a 
i 


ar 
@ee m 
a eee 
tc 
W 


BUCK NIAGARA RAILWAY ARCH. 275 


decided that would best omit the center hinge the Niagara 
arch. Yet his investigations showed that Rochester, probably 
most cases, the vibrations seemed person standing the structure 
much greater than were. Theresults this regard 
the Niagara Arch are very gratifying. Vibrations due trains 
passing over rate miles per hour are scarcely noticeable, 
while the irresistible jog trot horse seldom produces the usual re- 
sponsive swing. The stiffness thus attained, the author believes, has 
never been found any other bridge equal span. The calculated 
under moving load 10000 per running foot 
in., and the observed deflection under the test load, which was 
about 500 Ibs. per running foot, was inch. 

Method Calculation.—The absence the center hinge the span- 
drel-braced arch renders the calculation stresses decidedly more 
difficult than the three-hinged type. The method calculation 
used was that given Professor Greene’s book Arches, Chapter 
XII. However, the sections the rib the Niagara Railway arch 
are increased mean between those required this 
method and what would required there were third hinge. 
This was done meet any inaccuracy adjustment due varying 
temperature. 

Foundations.—The skewbacks the arch span were located with 
view bring the thrust the arch the solid 
stratum gray limestone, from thick, about half way between 
the water and the top the bluff. Above blue shale, and below 
the beginning the Medina sandstone formation, thin layers shale 
and sandstone sometimes running into solid sandstone ft. thick. 
The bearing comes very fairly the ledge the New York side, 
where the stone was cut the right angle receive the masonry 
directly. But the Canada side, the bearing was not favorable 
and concrete had used under the front the south skewback 
and under the entire north skewback. The heavy face wall under the 
New York skewbacks was necessitated the undue encroachment 
the Gorge Road upon the site. The cut made for this road left here 
almost vertical face, liable disintegration exposure, directly 
the front the skewbacks. The skewback masonry limestone 


with granite copings, entirely dimension stones with half-inch 
joints and strong bond. 
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All masonry, except the retaining wall under the New York skew- 
backs, was put with rented plant and hired labor, with results very 
satisfactory, both the cost and the quality the work obtained. 

The maximum loads the masonry are follows 


top coping............. 339 lbs. per square inch. 


concrete 


Rust Joint.—The rust joint, between the masonry and the shoe, 
mixture parts cast-iron filings part sal ammoniac 
weight, very thoroughly rammed. These ingredients and pro- 
portions were adopted after experimenting with several formule. 
Thorough ramming the most important part the operation. 

End Bearings.—The details the end bearings the arch span 
are shown Fig. 

They consist two steel castings, having between the concave face 
the lower and the conyex face the upper nest segmental 
rollers set radially with respect the center movement The 
axis the cylindrical bearing faces likewise and perpendicular 
the vertical axial plane the bridge. This form bearing reduces 
frictional resistance much ball-bearing does, and was adopted 
avoid the use excessively large pin, with which, movement 
rather doubtful realization. 

placing the rollers, the outside plugs were inserted tempo- 
rarily, hold them their correct radial position and render them 
fixed. the top the rollers almost touch each other, and the 
wider spaces the bottom are square bars cause contact and 
restrict movement should there any tendency overturn. The 
bars, tap-bolted both the upper and the lower castings each end 
the roller beds, are further safeguards against undue movement. 
Thus the rollers act like leaves, and can move either way through only 
limited range without binding. the movement the rollers, 
due moving load and temperature, scarcely appreciable, there 
danger the limit being reached. After the first panel the arch 
was completed, connected with the anchorage, and swung back cor- 
rect position for proceeding with erection, the check plugs were re- 
moved and the rollers were thus freed. The center plugs and the 
guide bars remained permanently. 
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The bearing the rollers, with maximum load the bridge, 
200 lbs. per lineal inch roller, assuming the pressure uni- 
form all the rollers. The upper and the lower castings were cast 
each one piece. The plates the bottom the lower cast- 
ings were intended precaution against any possible rupture the 
castings. 

The manufacture the bottom castings gave considerable trouble 
account their failure shrink the usual manner steel cast- 
ings, which was doubtless due the thinness the metal and the 
unyielding nature the cores. 

The eye-bars connecting the rib directly the lower casting were 
intended prevent any possible displacement the rib upper 
casting, precaution needed probably only during erection. 

Trusses.—The trusses, stated above, are spandrel-braced, with 
horizontal top chord and parabolic rib. They are battered 10. 
The inclination the planes the trusses with reference the end 
bearings provided for double beveled face top the upper 
casting. This the only double beveled face the arch. 

The camber the arch was designed ins. 60° Fahr. 
has been observed range from ins. summer heat ins. 
Zero. 

The arrangement and details the arch span, well the end 
spans and approaches, are shown Figs. and and 
need further explanation here. 

Erection.—The erection was interesting feature this work. 
One the main objects view was maintain traffic, and this 
object was very fully accomplished. train was delayed, 
and traffic the highway floor was suspended only for about two 
hours each day while the upper floor system was being put in, the 
time day selected being that when there were the fewest trains. 
The lower floor was closed because the danger people passing 
below during the necessarily hurried operations tearing out the 
old and putting the new upper floor. 

The deflection the old bridge under moving load, the constant 
passing trains, and the scant clearances many points were con- 
demanding close and constant attention; but each 
anticipated difficulty was reached, usually lost much its for- 


midable aspect. Besides, there was the comforting assurance that 
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what had been accomplished with the old bridge under considerably 
less favorable circumstances ought accomplished again. 

Briefly, the principle erection was build out the two halves 
the arch cantilevers anchored the solid rock top the bluff, 
means adjustable anchor chains connecting with the arch the 
top the end post. The anchor chains consisted the top chords 
the end spans, such the eye-bars the end spans were adapt- 
able the purpose, and such additional eye-bars and slabs were 
necessary complete the connections. The slabs were used 
matter economy serve short eye-bars. The anchor chain was 
brought from vertical horizontal means the shown 
Fig. 10, which also shows the principal details the anchor and 
the adjusting toggle. This also shown Fig. Plate 
The anchor pits were cut into the solid rock, back near the anchor 
walls the old bridge. They are shafts ft. ft. section, and 
ft. deep. Chambers were excavated the bottom sufficient 
size admit the anchors. These anchor pits had excavated with 
great care, avoid shattering the surrounding rock, and the work was 
done hired labor. Border holes were drilled closely together 
possible, the full depth the shaft, and the core was then blasted 
out with light charges dynamite. 

After the anchors and the first two sections the anchorage chain 
were placed, the anchor pits were filled with concrete the top 
the rock. Although provision was made allow the eye-bars 
bedded the concrete sketch without interference with the con- 
crete, cracks appeared its surface until six panels the arch 
had been completed. Then some very slight cracks were observed 
the corners the outside bars, but these showed increase the 
work continued the center. 

Adjusting Toggle.—The principle the adjusting toggle not 
new, but its adaptation this case was very effective. Its operation 
apparent from the figure. The right and left screw was turned 
hand with capstan bars. Some doubt was felt its ability 
lift well lower the load coming from the weight the 
half spans. But this was done without difficulty, nineteen men work- 
ing each screw. 

Erecting Plant.—Under the plan erection originally contemplated, 
material was conveyed and placed means cable ways sup- 
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ported the towers the old bridge. This method was used with very 
satisfactory results Mr. Buck the erection the first Verrugas 
Viaductin Peru, but owing tothe large cost plant suitable for handl- 
ing heavy and unwieldy pieces and their limited experience using 
for such purposes, was proposed the contractors use travelers 


resting the top chords the arch, and the change was sanctioned 
the Chief Engineer. 


modate the additional weight. This erecting plant proved very safe 


and efficient. Thetwo sides were entirely independent each other, 


furnishing two points progress, and when there was outside 
cause delay, the erection proceeded rapidly. There were two 
engines each traveler, placed the towers the old bridge 
the level the railway floor, this being good point observation, 
and well out the way. 

metal travelers required considerable special treat- 
ment, clear the cables, and furnish the necessary clearance for 
trains. They are shown Plates XI, XIV. The heaviest 
piece handled this work weighed tons, but the capacity 
the travelers was considerably greater. For handling the rib mem- 
bers, special clamps were used make them lie the angle the 
batter. 

Progress Work.—The false-work for the end spans was first 
erected, and the travelers raised the outer bents, which position 
they handled the skewback castings and first panels the arch. 
The first sections the rib rested light false-work until the end 
posts and the braces the first panel were placed. This much 
the first panel was then lifted and held clear the false-work, 
ordinary tackle attached the tops the end posts. The false-work 
shown Fig. Plate XI. 

When the first top chord sections and the second pair posts 
were placed, the pins were driven the top the end posts con- 
necting with the anchorages. The end posts were then given the 
right inclination means the adjusting toggle. The traveler was 
then moved forward the first panel the arch, and this position 
was ready for the erection the second panel. 

The material was conveyed the travelers means trucks 
running tracks each side the bridge. These tracks rested 
the false-work far out the end posts the arch span, and from 


The anchorages were strengthened accom- 
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there the center the sidewalk brackets. The track stringers for 
the railway floor were used carry these temporary tracks, being 
placed their proper panels, ready for raising final position when 
the railway floor should put in. 

The erection proceeded this manner the center. The lower 
floor system was put in, along with the trusses and lateral bracing. 
was dropped below its normal position sufficiently avoid the 
possibility the weight the old bridge coming it, when 
deflected under passing trains, and thereby putting undue stress 
the anchorages. 

The closure the middle was anticipated with considerable in- 
terest and some anxiety. The absence the center hinge rendered 
great accuracy laying out the work necessary, order secure 
proper closure and distribution load between the top chord and 
the rib. 

safety provision, the center panel top chord sections were not 
planed length until six panels the arch had been completed 
each side, and check measurement had been taken across the inter- 
vening space about 134.5 ft. This measurement was not very 
satisfactory account the difficulties the way securing 
accurate results. The half spans were leaning back from their normal 
positions, their set and deflection could not accurately accounted 
for, and the weather conditions were generally unfavorable. How- 

ever, was decided, after taking the measurement, plane the 
center chord sections theoretical length. When the center panels 
were erected, there remained opening the center ins. due 
the two halves the arch being drawn back, secure the necessary 
clearance for placing these panels. 

When all was ready, the adjusting toggles were slackened away 
together. the proper order events the top chords should have 
met first, and then, those passed from tension compression, the 
ribs should have met. But the reverse was the case, the ribs met 
first, and when the anchorages were entirely slackened off, there was 
opening the center the top chord }in. This indicated 
compression the top chords the center, whereas there should 
have been about 350 tons. The cause causes the failure close, 
were not, the time, very obvious, but was decided that the ad- 
justment could duly effected after casting off the anchorages. The 
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anchorages were cast off and taken apart. None the joints were 
riveted this time, but almost all holes were filled with drift 
pius and bolts. Certain the rib joints were open, the bearing faces 
held apart the drifts and bolts. When these were removed 
allow the bearing faces come together, the opening the top 
chord the center was reduced in. 

then became necessary, order secure the required compres- 
sion the top chord, force apart the center and insert 
shim. This was done means compression toggle, shown 
roughly Fig. 11. This toggle was improvised largely from ma- 
terial the ground. The 
chords were forced apart until 
the opening was in. wide, 


and shim conforming the 
section the chord and 
this thickness was inserted. 
Both before and after the 
top chords were forced apart 


PLATE RIVETTED 


the center, levels were 
carefully taken each panel 
point for the purpose ob- 
taining the exact camber. The 
results indicated slight eleva- 


tion the camber over the SKETCH 

whole span after the adjust- COMPRESSION TOGGLE USED 
- TO FORCE APART TOP CHORD 

ment, and acloser conform- ARCH 

ity the theoretical camber. 


After the adjustment was effected, and the end spans completed, 
the lower floor system was raised its final position. Timbers were 
laid crosswise top the roadway stringers, and when all was 
ready the stiffening truss was blocked for its whole length the 
new work. This was done between trains. The suspenders were 
then detached from the cables, and the cables were taken down. 
The wrapping was cut from the cables with axes, and the strands were 
cut the shoes and lowered down, one time, the bridge, where 
they were cut for scrap. 

After the removal the cables, the upper floor was put in. 
order this the upper floor and top chords the old bridge had 
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removed. order not stop traffic this had done be- 
tween trains, two panels time. The top chords and track 
stringers the stiffening truss were cut into sections, conforming 
closely possible the panel lengths the new bridge, and the 


panels the new bridge were put the sections the old bridge 
were taken out. 


Operations began the middle, and after the first day, when only 
one panel was placed, two panels day were until all were 
place. The time allowed for this work was about two hours each day, 
and the work was always done within the time limit. The same track 
alignment was preserved, and the same rails and ties were used tem- 
porarily after the new floor beams and stringers were place. When 
this work was completed far back the shore ends the end 
spans, the towers were taken down, high gin pole being used 


remove the caps and upper sections, and the traveler remove the 
lower sections. 


LIVE LOAD 
DIAGRAM LOAD EACH TRACK 


3500 Lbs. per lin. ft. 


After the removal the towers, the new plate girder approach 
spans were substituted for the old ones. The maintenance traffic 
here, while shifting, was more difficult than the main and end 
spans, account the switches taken care of; but the change 
was accomplished without mishap. Plates show various 
views the bridge during construction. 


account the difficulty securing the full load 
000 per running foot, was decided make two test trains 
heavy were available, and observe the deflections under this 
loading. Each train consisted two heavy Lehigh pushers, four 
the heaviest Grand Trunk locomotives hand and nine coal cars. 
The cars were tons capacity, loaded with coal, and had many 
rails piled top was deemed safe for the cars. given 
detail Fig. 13. indicated, some load was put the lower 
floor, chiefly the end spans. 
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The deflections under the test load are shown Fig. 12. 

The apparent slight irregularities deflection are probably due 
more inaccuracies observation account the humid atmos- 
phere and consequent refraction, than any real irregularity 
settlement the structure under the load. The arch assumed exactly 
the same camber after the removal the load had before the 
load was put on. 

Ground was broken for the foundations the arch span April 9th, 
1896, and these were completed September 28th, 1896. The contract 
for the superstructure was let June 15th, 1896. The work erection 
began September 17th, 1896, and the bridge was ready test and was 
tested July 29th, 1897. All work the bridge was completed August 
27th, 1897. 

conclusion should stated that much credit due the 
contractor for the superstructure, the Pennsylvania Steel Company, 
for its care and efficiency the prosecution the work. 
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The origin the Gulf Stream and the circulation the Gulf 
Mexico have never been satisfactorily settled. Many theories have 
been advanced from time time, but none yet have been estab- 
lished upon acceptable proof. The commonly received theory the 
present day, that these currents flow from the South Atlantic, pass 
the north shore Yucatan, follow the coast line Mexico and Texas 
north-northeasterly direction, and finally escape through the 
Straits Florida, appears plainly contradicted evidence 
gathered from the various surveys the past, together with recent 


discoveries connection with the several deep-water projects along 
the coast Texas. 


The true solution the question seems that the currents 
coming through the Straits Yucatan follow one two courses, 
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dependent upon the variations barometric and planetary condi- 
tions, viz.: 

(1) During the high declination the moon, coincident with 
continued low barometer off Cape Hatteras and high barometer 
the Gulf Mexico, they flow from the Yucatan Channel north- 
easterly direction around the extreme west coast Cuba and pass out 


into the Atlantic through the Straits Florida, where they become 
known the Gulf Stream. 


(2) Under opposite atmospheric conditions, and during the low 
declination the moon, the Channel Yucatan pours its waters into 
the Gulf, that they spread out all directions, moving its 
center; thence, being deflected the outward flow contrary cur- 
rents, they also pass through the Straits Florida the Gulf Stream. 

order understand these currents aright, especially those 
the western part the Gulf, will necessary review, briefly 
possible, past observations and discoveries concerning the Gulf 
Stream and equatorial currents. The discovery America may 
said due primarily the Gulf Stream. Long before the time 
Columbus, there had been noticed the débris constantly washed 
upon the shores Scotland, Norway and France, pieces carved 
wood, and canoes curious design, quite foreign the people the 
known world. Little was needed, therefore, convince 
mind, like that the great explorer, that these things came from 
lands beyond the seas, which could reached sailing westward. 

far known, Columbus was the first navigator observe the 
oceanic currents; having noticed, when sounding the Sargasso Sea, 
that the lead appeared recede from the ship, which rightly 
interpreted meaning that the ship drifted away from the lead. 
Speaking the strong currents which, his later voyages, 
noticed the Caribbean Sea, also among the Antilles and off the 
coast Honduras, says: 

left the Dragon’s Mouth found the sea ran strongly 
the westward that between the hour Mass, when weighed 
anchor, and the hour Complines, made sixty-five leagues 
miles each with gentle further adds: ‘‘I hold for cer- 
tain that the waters the sea move from east west, with the sky, 
and that passing this track they hold more rapid course and have 


thus carried away larger tracks land, and that from hence have 
resulted the great number islands.” 
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was about this time that Sebastian Cabot noted the Labrador 
current. However, the first authentic mention the Gulf Stream 
found the log Antonio Alaminos, the pilot Ponce Leon 
his famous expedition for the Fountain 1513. Having 
set out from Porto Rico crossed the stream the neighborhood 
Cape Canaveral, and, after reaching latitude 30° north, turned and 
coasted far Tortugas, stemming the current for several hundred 
miles. The log says that they met currents which they were unable 
stem even when they had good winds; and though they appeared 
going through the water high rate speed they recognized 
that they were really drifting backward, and that the stream was 
stronger than the wind. states further that when these vessels 
came anchor near the coast, one them, brig, being water too 
deep anchor, was soon carried out sight the stream. 

This knowledge subsequently proved great value Alaminos 
when Cortez, his expedition for the conquest Mexico, placed him 


command the entire fleet. Later, when became necessary for 


Cortez send envoys Spain save his life, gave Alaminos the 
speediest vessel the fleet, with the instructions sail the north 
Cuba and into the Atlantic through the Florida Straits, thus uti- 
lizing the Gulf Stream. This route subsequently became the chief 
course navigation between the West Indies and Europe, and 
played important part the later development the City 
Havana. 

Sir Humphrey Gilbert some his writings seeks trace the 
motion the waters from the African coast America, and writes: 

current runs all along the eastern coast that country north- 
ward far Cape Freddo, being the farthest known place the 
same continent towards the north,’ from which concludes that 
must either flow around the north America into the South Sea, 


must needs strike over upon the coast Iceland, Norway and 
Finland.” 


accepted the former theory because was anxious prove 
the existence the northwest passage. 

One the earliest theories advanced account for the Gulf 
Stream appears ‘‘La Cosmographie,” which claimed that 
the currents the Straits Florida are caused the rivers empty- 
ing into the Gulf Mexico. John White, Governor Roanoke, re- 
ferring voyage from Florida Keys Virginia about 1590, says: 
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lost sight the coast and stood sea for gain the help 
the currents, which runneth much swifter farre off than sight 
the coast, for from the Cape Florida all along the shore are none 
but eddie currents setting the south and southwest.” 


Thus may seen: that this early date the existence 
swift, powerful current was known; that extended from Florida 
Keys, sight the coast,” northward beyond Virginia; and, 
that between this current and the coast were eddie currents setting 
the south and southwest.” other words, the axis the Gulf 
Stream had been located and the contrary current flowing southward 
adjacent the coast noted. 

Isaac Vassius writes, about the year 1663: 

the general equatorial current the waters run towards 
Brazil along Guyana and enter the Gulf Mexico, and from thence 
turning obliquely, they pass rapidly through the Straits Bahama. 
the one side they bathe the coast Florida and Virginia and the 
entire shore North America, and the other they run directly east 
until they reach opposite shores Europe and Africa.” 

Here seen that the writer notices the entrance the currents 
into the Gulf Mexico, from the direction the Guyana coast, 
through the Caribbean Sea, coming into the Gulf between Cuba and 
Yucatan. 

their entrance into the Gulf points out that they increase 
rapidity, obliquely” towards the Straits Florida 
Bahama. Strange may seem, these observations Vassius, made 
long ago 1663, are much nearer the truth than those writers 
late even to-day. 

interesting compare this information with the article the 
Britannica the Atlantic Ocean (see Fig. 1). Here 
stated that the current 
westwards along the northern coast South America until 
deflected northwards the coast line Central America, and 
driven between the peninsula Yucatan and the western extremity 

Cuba into the Gulf Mexico, the rate from miles per day. 
portion passes direct the northeast along the northern shore 
Cuba; but far the larger part sweeps round the Gulf, following 
the course its coast line, and approaches the coast Cuba from the 
northwest broad deep stream great velocity, seldom running 
more than miles per day.” 
the light recent investigation, the theory Vassius appears 


have been more nearly right. From the time Vassius very little 
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notice seems have been taken the Gulf Stream until about the 
year 1770 when some American whalers, sailing from the Bahama 
banks, southeast the Azores and north Baffin’s Bay, made the dis- 
covery that the whales stayed north south certain line which 
afterwards proved the Gulf Stream. 

This knowledge was communicated American navigators who 
found great value their voyages Europe. this time 
Benjamin Franklin took the matter and published map which 
was rejected the British Government and the English ship cap- 
tains, who, true the inherited conservatism their nature, contin- 
ued their old course, often arriving New York when American ves- 
sels, which had left England the same time, were half way across 
the Atlantic their return voyage. 
Upon the outbreak the war with 
England, Dr. Franklin suppressed 
this map, but the knowledge 
gained from the experience the 
whalers proved the greatest 
possible advantage the infant 
navy the American Colonies. 

Dr. Franklin now made num- 
ber voyages across the Atlantic, 
and from this time dates the first 
truly systematic and scientific in- 
vestigation the Gulf Stream. 
After noting several observations 
the temperature made with the aid Franklin says: 

find that (the Gulf Stream) always warmer than the sea 
each side it, and will appear trom thence that the thermometer 
may useful instrument the navigator; since currents coming 


from the northern into the southern seas will probably found colder 


than the water those seas, the currents from the southern seas 
are apt warmer.” 


von Humboldt next published remarkable work the Gulf 
Stream, which maintained that was not the same all seasons, 
but depended great extent upon the wind. found 
true, least far velocity concerned. 


The excerpt,on page 294 taken from exhaustive report 
Lieutenant Pillsbury, N.: 
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During the first quarter this century the British Admiralty 
office had collected great quantity material the subject ocean ca: 
currents and meteorology, most which had never been known the 
public. Mr. James Rennell, who had devoted his life the subject 
geography and particularly ocean currents, was given the task 
compiling and collecting data. combined the results large 
charts the ocean, which were the admiration the day. also 
wrote volume entitled, Investigation the Subjects the Cur- 
rents the Atlantic Ocean.’ 
Major Rennell adopted Dr. Franklin’s theory the principal 
cause ocean currents, and divided them into two classes, drift cur- 
rents, caused constant long-continued winds the surface 
the water, and stream currents which are formed the accumulation 
water the drift currents meeting obstacle and thrown sideways the 
out its usual course. The Gulf Steam placed the latter 
class. considered the water the North Atlantic drift current 
impelled the prevailing westerly winds, and these also were the 
cause the African 
From these and other observations Major Rennell draws the fol- 
lowing conclusions: eur 
(1) That there existed change the position the column 
warm water from time (2) that the breadth varies times dif 
the proportion more than two one”; (3) ‘‘that these changes 
had been observed some time very sudden, g., one occasion 
the stream had been found 140 miles width, and two weeks 
later the same spot was 320 miles;” (4) that these changes did 
not follow any regular course the seasons, for was 320 miles wide 
May, 1820, and only 186 miles May, 1821, nearly the same the 
place;” (5) that the northern side the stream the body warm bot 
water more permanent than the south, and that the warmest 
water found the north, indicating the strongest part the 
stream (6) that the existence warm water does not neces- 
sarily indicate the presence the stream, but must regarded 
overflow deposit superabundant water; even from counter 
current;” (7) that there are without doubt veins colder water 
within the body warm currents.” 
These deductions Major Rennell were vast advance upon any- wate 
thing that had previously been attempted. True, some them are Mex 
faulty, but must remembered that the temperature observations New 
were those the surface, and that surface-water, impelled gale 
wind, will traverse many hundreds miles short space time. 
Besides this, his conclusions were gathered from totally unconnected 
data, such reports merchantmen, naval officers, and ship captains Sica] 
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all classes, whose observations, especially for longitude, were often 
careless method and detail. period about twenty years elapsed 
before anything further was accomplished the exploration the 
Gulf Stream. Then, the year 1844, Professor Bache, the 
United States Coast Survey, began the first really scientific and com- 
prehensive survey this great ocean river. 

Origin Ocean Currents.—It will necessary notice some 
the more important theories advanced. Columbus held the opinion 
that the waters followed the motions the heavens about the earth, 
which view Sir Humphrey Gilbert concurred. Kepler believed the 
flow the currents considerably influenced the motion 
the earth; the cohesion the particles water being less than that 
land, the water was naturally left behind the revolution the 
earth its axis. 

The scientific world that time was considerably agitated the 
opposing theories Passine and Furnier. The former held that the 
currents were caused the heat the sun attracting the ocean, 
forming immense mountain water, which vessels had great 
difficulty ascending. that this mountain moved con- 
stantly westward until met the South American coast, which turned 
and caused move northwestward. the contrary, 
claimed that the sun caused immense hole made evapora- 
tion into which’ the waters rushed, thus causing the currents. Like 
the fable the two knights opposite sides the statue, they were 
both right certain extent. 

Kircher, learned mathematician Wurzburg, attributed the cur- 
rents the effect the winds, which, when deflected the shore 
line, formed currents now designated stream currents. 
noticed the influence the moon these currents. 

Dr. Franklin strongly advocated the theory that the constant winds 
blowing towards South America caused rising the level the 
water, which, being mostly northward, entered the Bay 
Mexico,” flowing north Cuba, and from thence the Banks 
Newfoundland. Von Humboldt attributed the Gulf Stream the 
winds, the melting ice the polar regions, and the revolution 
the earth its axis. 

Lieutenant Maury, N., his valuable work entitled Phy- 
sical Geography the Sea,” says that the ocean currents are due 
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various causes, the more important which are: the difference 
the specific gravity sea water the tropics and the polar 
regions; second, the influence the winds. says: 


Difference specific gravity the chief cause. Whenever the 
waters one part the sea differ specific gravity from the waters 
another part, matter from what cause the difference may arise, 
how great may the distance between two such parts the sea, 
the heavier water will flow (by the shortest route) towards the lighter; 
and the lighter its turn will seek the place from whence the heavier 
came.” 

other words, from whatever part the sea flows, 
back that part current equal volume must flow.” 


then introduces two qualifying theories explain the western 
flow the equatorial current, viz., the rotation the earth and the 
winds. There doubt that the evaporation mid-Atlantic, 
the latitude Cape St. Roque, between the continents Africa and 
South America, far exceeds the precipitation, and consequently the 
specific gravity there must greater than that either the Arctic 
Antarctic Oceans, which are little more than brackish. 

If, therefore, Lieut. Maury correct his supposition, that the 
difference specific gravity the chief cause oceanic circulation, 
then there would necessarily flow the heavier saline waters 
from the equator direct the south and north, and consequent 
return the lighter and fresher waters from the polar regions. 

Such, however, not the case, and account for the flow ocean 
currents another cause than that specific gravity must sought. 
This cause will found the winds which blow constantly from 
Africa South America and the West Indies. The equatorial current 
moves directly west, unaffected its specific gravity. The rotation 
the earth doubtless does affect the ocean currents, but its effect 
far less than that the winds. Specific gravity too may consid- 
erable aid oceanic circulation, but mistake suppose 
the prime cause. Difference barometric pressure, especially 
shallow bays and gulfs, perceptibly affects the currents accelera- 
ting retarding their velocity. The effect this force seen 

very great when remembered that difference in. the 
barometer will accompanied difference the elevation the 
Gulf more than foot. Taking into consideration the vast quantity 
water involved such elevation, one can realize something the 
tremendous volume which pours into the Atlantic. 
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Circulation the Gulf Mexico.—Having reviewed the history 
the Gulf Stream investigation and the more important the theories 
advanced account for its origin, the original question, concerning 
the course followed the currents between the time their entrance 
into the Gulf Mexico Yucatan, and their departure through the 
Straits Florida, will considered. 

The question has never been regarded satisfactorily answered, 
and remarkable fact that even eminent authorities like Maury 
and Pillsbury seem evade it. Maury says 


(the current) enters the Caribbean Sea and the Gulf Mexico, 
from whence issues through the Straits Florida the well-known 
Gulf Stream.” 


Lieutenant Pillsbury says his report, page 


have thus followed the water driven the vis tergo the 
trade winds from the coast Africa the Yucatan Channel, from 
which flows into the Gulf Mexico and through the Straits 
Florida into the 


Reference has already been made the popular opinion, ex- 
pressed the Encyclopedia Britannica,” viz., that the waters come 
through the Yucatan Channel and follow the coast line Mexico 
and Texas, finally departing through the Florida Straits; but more 
reasonable suggestion found the report the Superintendent 
the United States Coast Survey published 1895, which states 
that the waters the Gulf Mexico are ‘‘erratic direction, and 
feeble and suggests what appears the correct theory, 
that the directions the currents entering and leaving the Gulf are 
dependent upon the declination the moon and certain conditions 
barometric pressure. 

The winds can have but little influence over the waters passing 
through these channels, they are deep-streamed currents, flowing 
probable depth from 000 1500 fathoms; but the circulation 
the Gulf unmistakedly dependent large extent upon the winds. 

was once thought many that the Mississippi River was the 
the Gulf Stream and caused circular motion 
the Gulf flowing direct from its mouth the Straits Florida. 
The absurdity this idea readily seen from the fact that the 
amount water emptied into the Gulf this river only 0.36 cubic 
mile per twenty-four hours,* while the amount received through the 


Humphreys and Abbot. 
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Yucatan 652 cubic miles the same time. This 
fancy still further disposed the discovery that the current 
the Mississippi enters the western part the Gulf and flows 
southwesterly direction. 

Here good illustration the opportunity afforded tracing 
stream fresh water into the sea means the difference 
density; for this means the waters the Mississippi are easily 
traceable from its mouth southwesterly direction, point only 
little south the latitude the Rio Grande, and not far east the 
longitude Galveston. 

The specific gravity theory will now considered. The specific 
gravity map the shows that the line maximum density ex- 
tends from about 300 miles north Yucatan nearly west the eastern 
shores Mexico. The northern the Gulf quite light, except 
off the western coast Florida. If, then, this specific gravity theory 
the right one, there will flow from the east, and 
south towards the north and northwest. This, certain extent, 
true, especially where the motion the waters accelerated the 
prevailing winds which produce drift currents along the northern and 
western shores the Gulf. For nearly ten months the year these 
winds blow constantly from the south little north east and for 
least nine months they seldom ever change from the southeast. 
During these months not only constant, but strong. and causes 
the waters move towards the northwest. When they reach the 
northern part the Gulf they are deflected the shore line and 
move westward. the other hand the waters from the southwestern 
part impinge the coast Mexico, and produce the current which 
flows north along the shores Mexico and Texas. 

These two currents meet the western part the Gulf, raising the 
surface and thereby producing return current which passes south 
and eastward towards the Straits Florida. The current along the 
coast Mexico feeble force near its starting point, off the west 
the Yucatan peninsula, but gradually increases until reaches its 
maximum velocity between Tampico and the Rio Grande, where 
the rate miles hour, and then continues diminish 
until meets the contrary current from the east. 

The circulation the waters the Gulf shown Fig. 


Report the United States Coast Survey for 1895, 369. 
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considerable agitation the waters, covering area about 
100 square miles, occurs off the west coast Texas, about miles 
south and miles east Aransas Pass, which can only accounted 
for resulting from the meeting two opposing currents. the 
immediate neighborhood this phenomenon the coast covered 
with débris every description, among which the fir tree Wis- 
consin, the palmetto Florida, the cocoanut and other products 
peculiar the tropical regions the South are found lying side 

The chief obstacle harbor improvements along the coast 
Texas the vast quantity sand which, being stirred and 
suspension the waves, carried the currents and deposited 
the channels harbors. cur- 
rent, carry heavy sands, must 
have bottom velocity about 
ft. per second, thus necessitating 
much greater surface velocity, 
which known these currents 
not have, themselves, under 
ordinary circumstances, they 
rarely move faster than miles 
per hour. Therefore, con- 
cluded that the wave action must 
the chief factor the dislodge- 
ment the sands, and, connec- 
tion with the littoral currents, 
determines the position and form harbor jetties. 

The attention was first attracted the littoral currents 
the construction jetty Aransas Pass, Texas, 1895. 
Prior that time attempts had been made obtain deep water 
the construction jetties the south side the channel, but they 
failed through the lack capital required for their completion. 

that year the Aransas Harbor Company built the form 
letter the north side the channel, running east and west 
half mile from the southeast extremity St. Joseph’s Island. This 
work was conducted upon the supposition that the littoral current 

came from the north, and that would deflected the jetty 
enter Aransas Bay between the western end the jetty and St. 
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Joseph’s Island. was further imagined that during ebb tide this 
current would meet the outgoing current the Pass, thus neutraliz- 
ing both velocities and preventing the outward flow from passing 
north the jetty; or, the ebb current was the stronger, they would 
pass out through the channel the south side the jetty. 

Long before this work was completed the author became satisfied 
that the littoral current came from the south, as, series ex- 
periments, had previously proved the case Pass Caballo, 
not far north Aransas Pass, where the conditions were the same. 

When the jetty was completed was found that there was less 
water the channel than before the work began. Colonel Goodyear, 
the last contractor, recognized the mistake that had been made, and 
proceeded finish the jetty the south side the Pass, thus ex- 
cluding the drift sand brought the currents and waves from the 
south, with the gratifying result that the author’s latest survey, made 
June, 1897, showed marked increase the depth the channel. 
Further evidence unnecessary establish the fact that, this 
point least, the littoral currents flow from the south. 

the jetty construction upon the coasts Texas and Mexico 
examined, will found that these currents maintain uniformly 
northern course from Tampico Galveston, where they meet those 
coming from the westward from the mouth the Mississippi. 

Tampico the south jetty was built first order protect 
the channel from southern sand-bearing currents. Brazos, 
Santiago, Texas, the same thing was done. Lieutenant Zimm,* 
writes: 

The direction the channel across the bar depends-upon the 
direction the winds and littoral currents. During nine months 


the year southerly winds blow and there littoral current from the 
south.” 


The same thing noticed the sketch accompanying Captain 
McClellan’s report this harbor 1853. Pass Cabal only one 
jetty was built, and that was also placed the south side. jetty 
was commenced the mouth the Brazos River the north side, 
but Major Ernst, his report September 6th, 1887, remarks 


map recent survey shows the channel, instead running 
southeast the direction intended, turned off aright angle and 
running northeast across the jetty.” 


Annual Report Chief Engineers, A., page 1330. 
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Galveston the South Jetty was built first. passes east 
Galveston, however, the jetties are almost invariably constructed 
the east side, check the sand-bearing currents their westward 
flow. Among these may mentioned Calcasieu River Pass, 
also Sabine River 

well known that the mouth the Mississippi the littoral 
currents flow from the east. Hence, may concluded that the 
currents flowing westward are the northern shore the Gulf, and 
those flowing north along the western shore meet some point near 
Galveston, the location which variable, dependent upon 
the direction and force the winds. 

Summing these observations the Gulf currents, found 
that there abundant evidence the presence two sets 
currents Gulf Mexico, viz., deep-stream currents and littoral- 
drift currents. 

The former enter the Gulf through the Yucatan Channel, and, 
under certain barometric and planetary conditions, pass the 
western extremity Cuba and flow out through the Straits 
Florida, else, under converse planetary and atmospheric condi- 
tions, they spread out over the Gulf all directions, moving its 
center. 

The littoral-drift currents are originated through the agency 
the prevailing southeast winds and flow northward along the western 
boundary the Gulf, and west along the northern boundary, meeting 
the vicinity Galveston and forming stream-current which 
flows southeasterly direction towards the Straits Florida. 

the past there has been far too little attention paid the 
motion the Gulf waters. Were they better understood, there can 
doubt that vast sums public and private capital might have 
been expended more judiciously than they have been, resulting 
more real and lasting good the people the coast country. 
therefore, this paper the means inducing greater interest 
these Gulf currents, which have such direct and important bearing 


trade and commerce, the author will feel that has successfully 
accomplished its mission. 


Report Major Heuer, 1886. 
Report Secretary War for 1895. 


| 
4 
} 


rag 


302 MEMOIR THOMAS DOANE. 


MEMOIRS DECEASED MEMBERS. 


Memoirs will hereafter reproduced the Volumes Transactions. Any infor- 
mation which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


THOMAS DOANE, Am. E.* 


22p, 1897. 


The name Doane exceedingly old; existed far back the 
year 1000. Doanes went over England from Normandy with William 
the Conqueror; Doanes were prominent English Church History, 
and there were families that name and about Chester, England. 

The first the name known America was Deacon John Doane. 
This progenitor all the Doanes the United States and British 
America came from Wales tke ship Fortune, next and shortly after 
the Mayflower, 1621, Plymouth, Mass. lived there until 1644, 
when, with Governor Prince and other associates, sailed from 
Plymouth across the bay and founded the Town Eastham. 
died 1686, the age years. 

Thomas Doane, the subject this memoir and direct descend- 
ant Deacon John Doane, was born Orleans, Cape Cod, Mass., 
September 20th, 1821. His parents were John Doane, native 
Orleans, and Polly (Eldridge) Doane, native Yarmouthport. His 
father was well-known lawyer, serving State Senator and other- 
wise prominent public life; being the originator forest cul- 
ture” this country, and promoter the culture fruit trees 
the Cape. 

Thomas Doane was the eldest eight children, and his early edu- 
cation was received academy established his father and other 
well-known citizens the Cape District who had children educate. 
Leaving this school the age nineteen, then attended the 
English Academy Andover, Mass., for five terms, after which 
entered the office Samuel Felton, one the noted civil engi- 
neers his time, and leading citizen Charlestown (now Boston), 
Mass. was the custom for engineering students those days, Mr. 
Doane remained for three years with Mr. Felton, and then entered into 
active professional employment. was engaged first engineer 
the Windsor White River Division the Vermont Central Railroad, 


*Memoir prepared Holbrook, Am. Soc. E., who was, intervals, 
for number years Mr. Doane’s Chief Assistant, from information mainly furnished 
public prints, and from personal 
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and from 1847 1849, Resident Engineer the Cheshire Railroad 
Walpole, 

December, 1849, returned Charlestown, Mass., and opened 
office, where carried general civil engineering and surveying 
practice, either personally (when necessarily absent the conduct 
large enterprises) through capable assistants, until the time his 
death. 

one time another Mr. Doane was connected with all the rail- 
roads running out Boston, and particularly with the Boston and 
Maine. 1863, the State Massachusetts having assumed charge 
the completion the Tunnel, which some little work 
had already been done contractors, Mr. Doane was appointed Chief 
Engineer under Board State Commissioners, which Mr. John 
Brooks was chairman. The work done involved total 
change the methods followed that time, and the introduction 
modern ideas and appliances. Chief Engineer, Mr. Doane relo- 
cated the tunnel line and established its grades; connected the two ends 
precise measurements and levels over the mountain, thus ensuring 
great accuracy the final meeting the borings; built the dam across 
the Deerfield River furnish water-power for turbines operate air 
compressors, and machine shop; and instituted careful experiments 
drill steels and many kinds fuses and explosives. The successful use 
nitro-glycerine, the drilling machine drills operated compressed 
air, and the ‘‘simultaneous blasting’’ electricity were here estab- 
lished for the first time this country. his book tunneling, 
Mr. Henry Drinker pays high tribute Mr. Doane, and says that 


Persistent energy, far-seeing sagacity, and his able management, 
we, large measure, and, fact, chiefly, owe the development and 
introduction into this country the present advanced system tun- 
neling with machinery and highexplosives. was under his direction 
Engineer the Commission that the State Experiments were made, 
and the long and disheartening fight carried through which terminated 
favor the newsystem. ‘The system which has since given the 
Burleigh, Ingersoll and Wood drills, and which also first showed 
Americans, practically, what the potent agency nitro-glycerine, first 
applied Nobel Europe, actually 


Mr. Doane gave much time and thought the perfection com- 
pressed air machinery. The machine drills devised and used the 
tunnel owed much their efficiency him; and the carriages 
which they were operated were his invention. has been desig- 
nated the compressed air this country. early 
1873 proposed compressed air power plant away with the 
endless number boilers and fires that are used closely built cities, 
and printed that time article which contained ideas agreeing 
with many being brought out and advocated the present time. 
this matter was many years advance the day. 
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1869, Mr. Doane went west Chief Engineer the Burlington 
and Missouri River Railroad Nebraska, extension the Chicago, 
Burlington and Quincy System, and about four years completed 
241 miles railroad, besides establishing steam ferry-boat service 
across the Missouri River Plattsmouth, and constructing and 
maintaining telegraph line the full length the road. 

The names the towns between Plattsmouth and Kearney were 
due him; hence the recurrence many Massachusetts names, such 
Dorchester, Harvard, Lowell, etc. 

Mr. Doane made special study grades for this railroad line, and 
the road was built with view great economy operation. Time 
has proven the soundness his judgment the advocacy and con- 
struction the system low grades there established. This road, 
for prairie country, was exceptionally well constructed all re- 
spects. The leading streams were crossed Howe truss bridges 
masonry abutments; screw-pile piers were used the two crossings 
Salt River the track was laid oak ties, and the whole road 
thoroughly drained from end end. 

Mr. Doane returned Charlestown, Mass., 1873, and shortly 
after was reappointed Consulting Engineer the Hoosac Tunnel and 
given charge, not only the tunnel, which for much its length 
required brick lining, but also the reconstruction the Troy and 
Greenfield Railway. This reconstruction involved several changes 
location and large amount heavy work the way rock and 
earth excavation, masonry retaining walls, bridge abutments, piers 
and drainage culverts. Much the work was seldom en- 
countered; the road along the bank the Deerfield River being ex- 
posed heavy wash and mountain slides the one side, and the 
other damage from the river which was subject heavy freshets, 
ice gorges, etc. One noticeable structure this line was the bridge 
Bardwell’s Ferry, consisting several spans iron truss bridging 
masonry supports. The piers this bridge differed form from 
those usually adopted, being elliptical shape. description the 
bridge may found the Railroad that time. 

February 9th, 1875, the opening the tunnel, Mr. Doane ran 
the first locomotive through it, and remained charge construc- 
tion until 1877. 

Two years later, 1879, was appointed Consulting and Act- 
ing Chief Engineer the Northern Pacific Railroad for one year. 
During this time located the Pend d’Oreille Division, across the 
Columbia Plains, the Territory Washington, and part the 
Missouri Division Dakota. constructed and operated bridge 
the ice the Missouri River between Bismarck and Mandan, 
order save delay the transportation railway supplies and ma- 
terial. also made thorough reorganization the engineering 
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force the road. Since then, for the past few years, Mr. Doane 
devoted himself mainly office practice consulting engineer, for 
which was much request. 

While Nebraska, Mr. Doane took leading part the agitation 
the question establishing college there, and secured for its site 
square mile ground beautifully located the Big Blue,” 
Crete, miles west Lincoln. made large financial con- 
tribution toward securing other property, and recognition his 
services its founder, the institution was named Doane College.” 
For many years has been one its trustees. The bulk his estate 
is, his will, the College ultimately endowment. Mr. 
Doane was also one the founders the first bank established 
Crete. 

many years that Mr. Doane followed his profession, 
received into his office many young men students, following old 
custom which has great extent been superseded this day 
technical schools. Among these may Herbert Shedd, 
Samuel Minot, John Emerson, John Cole, Danforth, 
Gorham Low, James Francis, Thompson and Pearson. 
these names may added that the writer this memoir. 

Some the engineers who have times served under Mr. Doane 
with ability, though not students his office, Ainsworth, 
Darling and Jules Breuchaud. Nearly all those mentioned above 
are to-day Members the American Society Civil Engineers, and 
are actively engaged professional work. 

Mr. Doane was for over twenty years member the Boston 
Society Civil Engineers, and for nine President. was 
Justice the Peace for over thirty years. was for forty-five years 
member Winthrop Church Charlestown, and for fourteen years 
one its deacons. was Director the Associated Charities 
Boston, and President the Charlestown Branch the organization. 
was Vice-President the Hunt Asylum for Destitute Children; 
was member the New England Historic Genealogical Society; 
the Congregational Club; the Bunker Hill Boys’ Club and the Amer- 
ican College and Educational Society. was the first President 
the Charlestown Branch the Young Men’s Christian Association, 
and contributed liberally its support. 

Mr. Doane was married November 5th, 1850, Miss Sophia 
Clarke, who died December 1868. From this union there were five 
children. 

Later life Mr. Doane married again. His second wife survives 
him, also four children his first marriage, viz.: Mrs. David 
Perry, wife the President Doane College; Mrs. Weeden, 
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wife Congregational minister; Mrs. Twombly and the Rev. 
John Doane, Plymouth Church, Lincoln, Neb. Mr. Doane also 
leaves brother, Captain Charles Doane. 

Mr. Doane was man high principles and unswerving integrity, 
kind and considerate all associated with him, generous with his 
purse all worthy objects, and lived earnest and Christian 
life. 

engineer, his sound judgment, thoroughness, industry, 
energy, practical attainments and love accuracy secured suc- 
cess all enterprises committed his charge. His loss will 
deeply regretted many directions. 

Mr. Doane was elected Member the American Society Civil 
Engineers, June 7th, 1882. died away from home, heart failure, 
West Townsend, Vt., where had gone with Mrs. Doane visit 
relatives. 
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THE SOCIETY. 


May 4th, 1898.—The meeting was called order 20.30 o’clock, 
President Alphonse Fteley the chair; Charles Warren Hunt, 
tary, and present, also, members and visitors. 

The minutes the meetings April 6th and 20th, 1898, were ap- 
proved printed Proceedings for April, 1898. 

paper by-Henry Ogden, Jun. Am. Soc. E., entitled, Flush- 
ing Pipe Sewers,” was presented the author. Correspondence 
the subject from Mr. Landreth was presented the Secretary. 
The paper was discussed orally Messrs. Rudolph Hering, 
Fuertes, Tillson and Dunham. 
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Ballots canvassed and the following candidates declared 
elected. 
MEMBERS. 
Harvey East Berlin, Conn. 
ALEXANDER New York City. 
O’MEtveny, Salt Lake City, Utah. 
St. Johnsbury, Vt. 
MEMBERS. 
AMES ALDEN, Steelton, Pa. 
Frank New York City. 
Boston, Mass. ste 
Anton Salt Lake City, Utah. 
Emory Cordova, Ala. 
The Secretary announced the election the Board Direction 
May 1898, the following candidates: 
ele 
JUNIORS. 


Herman New York City. 

New York City. 
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The Secretary announced that canvass was made May 
1898, the Board Direction, special ballots, provided for 
Art. III, Sec. the Constitution, and resulted the election 
Brown Bradford, Pa., Associate Member. 

The Secretary announced the death 
elected Junior, September 3d, 1895; died April 8th, 1898. 

The Secretary announced that the Board Direction 
May 1898, certain proposed amendments the Constitution were 
considered and were recommended the Board Direction for 
adoption the Society (see Announcements, 89). 

The President announced the receipt two invitations, one from 
the Seventh International Congress Navigation held 
Brussels, July 25th 30th, 1898, and the other from the Société 
des Ingenieurs Civils France, the Fiftieth Anniversary that 
Society, celebrated June 10th 13th, 1898. 

Any member intending visit Europe during June July, and 
desiring accredited either both these meetings, should 
communicate once with the Secretary. 


Adjourned. 


May 18th, 1898.—The meeting was called order 20.30 o’clock, 
Joseph Knap, Am. Soc. E., the chair; Charles Warren 
Hunt, Secretary, and present, also, 120 members and guests. 

paper Buck, Am. Soc. E., entitled The Niagara 
Railway Arch,” was presented the author and illustrated the 
stereopticon. 

The Secretary presented correspondence the subject from Mr. 
Henry Goldmark. The paper was discussed orally Messrs. 
Schaub, Lewinson, Gustave Lindenthal, ‘W. Skinner, 
Nichols, Emery, Buck, and the author. 

The Secretary announced the death Epwarp 
elected Member December 7th, 1887; died February 1st, 1898; and 
Epwarp Curtis elected Member April 7th, 1875; died April 
21st, 1898. 


Adjourned. 
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THE BOARD DIRECTION. 


May 3d, Morison the chair; Chas. War- 
ren Hunt, Secretary, and present, also, Messrs. Hering, Just, Owen, 
See and Thomson. 

The Finance Committee reported, recommending that certain 
amendments made Article the Constitution (see 
page 89). 

The report the Committee was accepted, and the proposed 
amendments Article the were adopted the 
recommendation the Board Direction, and the Secretary in- 
structed report this action the Society its next meeting. 

Preliminary action was taken toward the formulation report 
the Society the matter the proposed appointment Special 
Committees report Rail Joints for Standard Steam Railroads,” 
and Paints Used for Structural Work Engineering.” 

Two invitations were presented, one from the Seventh International 
Congress Navigation held Brussels, July, 1898; and the 
other from the des Ingenieurs Civils France, send dele- 
gation the Fiftieth Anniversary that Society, June 10th 13th, 
1898. The President the Society was authorized such action 
these matters seemed him proper. 

view the change date for holding the Convention 1898, 
was resolved that number Proceedings issued for the month 
June, 1898, and that number issued for August, 1898. 

The following resignations were accepted: 


The appointment the President, under authority the Board, 
Committee the Board Direction, and Local Committee 
take charge the Arrangements for the Annual Convention, was an- 
nounced. 

Ballots were canvassed the matter the reconsideration 
the ballot the application Charles Evan Fowler for membership, 
and the candidate was declared elected Member the Society. 

Ballots were canvassed the matter the reconsideration the 
ballot the application Peyton Brown Winfree for membership, 
and the candidate was declared elected Associate Member the 
Society. 

One candidate for Associate and five for Junior were elected (see 
page 

Applications were considered and other routine business transacted. 
Adjourned. 
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ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society will open every day hereafter from 


except Sundays, when the hours will from 


JUNE NUMBER PROCEEDINGS. 


Owing the change the time holding the Annual Conven- 
tion 1898, the Board Direction has decided that Number 
Proceedings shall issued for the month June, 1898, and that 
Number issued for the month August, 1898. 


HISTORICAL SKETCH. 


The Historical Sketch the American Society Civil 
Charles Warren Hunt, was printed order the Board Direction, 
sold only subscription the proceeds devoted exclu- 
sively the fund for the New Society House. 

the Annual Meeting, January 19th, 1898, the following facts 
regard the subscription this book were brought out. 

Two thousand copies were printed 300 were bound full mo- 
rocco, which 216 have been sold $10 per copy, the resulting net 
profit being $943.06. Seventeen hundred copies, which have been 
paid for, are still hand, and the Board Direction was requested 
consider the propriety offering the membership these copies 
bound less expensive style and reduced price, the net pro- 
ceeds applied the Building Fund. 

compliance with this request has been decided bind 
many copies are necessary supply the demand, handsome 
cloth binding and supply them per copy. 

This action has been taken the belief that many members will 
welcome the opportunity contributing something the Building 
Fund. 

There are few copies still hand the first lot bound, and 
these can obtained those who desire $10 per copy. 
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ANNUAL CONVENTION. 


The Thirtieth Annual Convention will held Detroit, Mich., 
July 26th-29th, 1898. 
The following Committees Arrangements have been appointed: 


Committee the Board Direction: 


GEORGE WISNER. 


Local 


WISNER, Chairman. 


early date practicable circular will issued, giving 

information relative transportation, excursions, hotel rates, etc. 

The following papers will presented: 

the Flow Water the Six-Foot Steel and 
Wood Pipe Line the Pioneer Electric Power Company Ogden, 

Utah,” Charles Marx, Am. Soc. E.; Charles Wing, 
Assoc. Am. Soc. E., and Leander Hoskins, 

Determination the Safe Working Stress for Railway 
Bridges Wrought Iron and Steel,” Herbert Stone, Am. 
Soc. 

Reservoir System the Great Lakes the St. Lawrence Basin: 

Its Relation the Problem Improving the Navigation These 

Bodies Water and Their Connecting Channels,” Captain Hiram 

Chittenden, Corps Engineers, A.; With Mathematical the 
Analysis the Influence Reservoirs upon Stream Flow, James 

Masonry Arches; Long Spans Especially Consid- 

The first three papers are published this number Proceedings. 


The others will published the number for June, 1898. 


‘ 


ANNOUNCEMENTS. 


PROPOSED AMENDMENTS THE CONSTITUTION.* 
Amend Article follows: 


3....Strike out the eighth and ninth lines this section, viz. 
The accounts and financial books the Society shall examined annu- 

...In line, and after the word ‘‘Section,’’ 
stitute for 

Strike out the words Board Direction” line twenty, 
and substitute therefor the words Finance Committee,” and 
immediately following new clause follows: 

shall have charge the books account the Society, and 
shall furnish monthly the Board Direction statement receipts 
and expenses under their several headings, and also statement 
monthly balances. shall present annually the Board Direction 
balance sheet his books, the 31st December, and shall furnish, 
time time, such other statements required him.” 

6......Strike out this entire Section. 


SECTION 7...... Change the number this Section 

..... Change the number this Section 

SEcTION ..... Strike out the whole this Section and substitute the 
following: 


8.—The Finance Committee shall have immediate supervision the 
affairs the Society, shall employ expert accountant 
audit the accounts monthly, shall approve all bitls before payment, and 
shall make recommendations the Board Direction the invest- 
ment moneys, and other financial matters.” 

10......Change the number this Section 


11...... Change the number this Section 10. 
12..... thenumber this Section 11. 
13...... Change the number this Section 12. 


Article the Constitution will then read follows: 
ARTICLE 


President shall have general supervision the affairs 
the Society. shall preside meetings the Society and the 
Board Direction which may present, and shall 
member all committees. shall deliver address the Annual 
Convention. 
The Vice-Presidents order seniority shall preside meetings 
the absence the President, and discharge his duties case 
vacancy the office. 
2.—The Board Direction shall manage the affairs the Society 
conformity the laws under which the Society organized and 


*See pages and 86. 
Changes made present Constitution shown italics. 
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the provisions this Constitution. shall direct the investment and 
care the funds the Society; make appropriations for specific pur- 
poses; act upon applications for membership heretofore provided; 
take measures advance the interests the Society; appoint all its 
employees; and generally direct its business. The Board Direction 
shall make annual report the Annual Meeting, transmitting the 
report the Treasurer and other officers, and Committees. 

3.—The Treasurer shall receive all moneys and deposit the same 
the name the Society. shall invest all funds not needed for cur- 
rent disbursements, shall ordered the Board Direction. 
shall pay all bills, when certified and audited, provided this 
Constitution and rules prescribed the Board Direction. 
shall make annual report and such other reports may pre- 
scribed the Board Direction. 

The Board Direction shall secure satisfactory surety for the 
faithful performance his duties the Treasurer, and shall renew 
the same during the month January each year. 

4,—The Secretary shall Corporate Member the Society. Heshall 
elected annually the Board Direction the meeting held 
within twenty days after the Annual Meeting provided for Section 
Article VI, adjournment thereof, and shall hold the office 
for one year, until his successor elected, provided that 
the whole Board Direction shall required elect the Secre- 
tary; this vote given, necessary, letter. 

shall be, under the direction the President and Board 
Direction, the executive officer the Society. 

will expected attend all meetings the Society and 
the Board Direction; prepare the business and duly record 
the proceedings thereof. 

shall see that all moneys due the Society are carefully collected, 
and without loss transferred the custody the Treasurer. 

shall carefully scrutinize all expenditures, and use his best en- 
deavor secure economy the administration the Society. 

shall personally certify the accuracy all bills vouchers 
which money paid, and shall countersign the checks drawn 
the Treasurer against the funds the Society, when such drafts are 
known him proper and duly authorized the Finance 

have charge the books account the Society, and fur- 
nish monthiy the Board Direction statement and expenses 
under their several headings, and also statement monthly balances. 
shall present annually, the Board Direction, balance sheet his books 
the 31st December, and shall furnish, from time time, such other 
statements may required him. 

shall conduct the correspondence the Society and keep full 
records the same. 
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shall have charge the Society’s house and its contents; shall 
supervise the work all employees the Society, and see that they 
diligently perform their respective duties. 

shall perform all other duties which may from time time 
assigned him the Board Direction. 

5.—The Board Direction may also, they deem necessary, 
appoint Assistant Secretary, who aid the Secretary and 
under his immediate direction all matters. His whole time shall 
given the Society. 

6.—The Secretary and Treasurer shall paid salaries deter- 
mined the Board Direction but such salaries shall not re- 
duced during the term office, provided this Constitution. All 
other salaries shall fixed, from time time, the Board Direction. 

7.—The Board Direction shall meet within twenty days after the 
Annual Meeting, and shall then appoint from its members Finance 
Committee five, Library Committee five, and Committee 
Publications five. least three members the Finance Committee, 
and two members the other Committees, shall resident within 
fifty miles New York. 

These Committees shall report the Board Direction, and per- 
form their duties under its supervision. 

8.—The Finance Committee shall have immediate supervision the 
accounts and financial affairs the Society; shall employ expert account- 
ant audit the accounts monthly; shall approve all bills before payment, and 
shall make recommendations the Board Direction the investment 
moneys, and other financial matters. 

9.—The Library Committee shall have general supervision the 
Library and the House the Society and the property therein; shall 
make recommendations the Board with reference thereto, and shall 
direct the expenditure for books and other articles permanent value, 
such sums may appropriated for these purposes. 

10.—The Committee Publications shall have general super- 
vision the publications the Society, and contracts and ex- 
penditures connected therewith. 

the consideration papers offered for presentation, those 
papers containing matter readily found elsewhere, those specially ad- 
vocating personal interests, those carelessly prepared controverting 
established facts, and those purely speculative foreign the pur- 
poses the Society, shall rejected. The Committee Publications 
shall determine which papers shall read full, and which shall 
printed after reading title only. The Committee may return 
paper the writer for correction and emendation, and call its aid 

one more members special experience relating the subject 


treated, either advise the paper discuss it. Such 


the judgment the Committee should appear the 
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shall promptly, upon their acceptance, printed and distributed 
members all grades; others shall, with the consent the authors, 
suitably indexed, and filed for reference, the Committee may 
provide abstracts thereof, which, when approved the authors, may 
instead the original papers. Advance copies papers 
and discussions may sent out the membership before final pub- 
lication. 

12.—Special committees report upon engineering subjects shall 
authorized only majority the votes cast the Society, and 
the following manner: proposition appoint such Committee 
shall presented regular meeting the Society, and sus- 
tained, motion refer the same the Board Direction, 
affirmative vote not less than twenty-five Corporate Members, 
shall referred. 

The Board Direction shall then consider the same and report its 
recommendations the Society the next general business meeting, 
together with statement the arguments for and against the ap- 
pointment such Committee. 

motion for the issue letter-ballot thereon receive the 
affirmative vote two-thirds the Corporate Members present, the 
Board Direction shall, within thirty days thereafter, issue the letter 
ballot, accompanied the arguments for and against 
the proposition. 

majority total vote not less than one-third the Corpo- 
rate Membership the Society shall necessary for its adoption, 
whereupon the Committee authorized shall appointed the 
Board Direction. 
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MEETINGS. 


Wednesday, June 1898, 20.30 o’clock, regular meeting 
will held, which Robert Stanton, Am. Soc. C.E., will address 
the Society Cliff Dwellers the Far Southwest; Their 
Homes, Their Agricultural and Engineering Works, and Their Mili- 


tary Knowledge and Art.” will illustrated the stere- 
opticon. 


Wednesday, June 15th, 1898, 20.30 o’clock, regular meeting 
will held, which paper Sweitzer, Jr., Jun. Am. 
E., entitled, the Gulf Stream and Circulation the 
Waters the Gulf Mexico, with Special Reference the Effect 
Jetty Construction,” will presented. was printed the April 
number Proceedings. 


DISCUSSIONS. 


Discussion the paper James Ritchie, Am. E., en- 
titled, Construction the Lorain Dry Dock and Shipyard 
the Cleveland Ship-Building Company,” which was presented the 
meeting April 20th, 1898, will closed June 1898. 

Discussion the paper Ogden, Jun. Am. E., en- 
titled, Flushing Pipe Sewers,” which was presented the meet- 
ing May 4th, 1898, will closed June 15th, 1898. 

Discussion the paper Buck, Am. E., enti- 


The Niagara Railway which was presented the meet- 


ing May 18th, 1898, will closed July 1st, 1898. 


LIST MEMBERS. 


ADDITIONS. 


Date 


Membership. 

St. Assoc. May 1892 
York City. May 1898 


Water New 
York City, Valhalla, 


The Berlin 


Iron Bridge Jun. 1892 
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LIST MEMBERS—ADDITIONS. 


CHARLES Chf. 
Youngs- 
to’n Bridge 
Co., 


Harts, 


Engrs., 
A., Cus- 
tom House, 


1954 Floyd St., Louis- 
ville, 

Henry 500 Ave., 
Montclair, 

WELLINGTON BARNES Chief Drafts- 
man, Ram- 
Assoc. 
Hillburn, 


Eng., 106 
New 
York City. 
Morrison, PRENTICE West New Brighton, N.Y. 
ADELBERT Res. Eng., Chicago Div., 
Atchison, Topeka and 
Santa R., Fort 
Madison, Iowa 
Thayer Bldg., 9th and 
Broadway, Kansas 
City, 


ASSOCIATE MEMBERS. 


ALDEN, CHARLES AMES Pennsylvania Steel 
Steelton, 

ALDERMAN, CHARLES ALDO Eau Claire, Wis 

2059 Anthony Ave., New 
York City 

CRANE, ALBERT SEARS Municipal 
Building, Jun. 

Brooklyn, Assoc. 


[Society 


Date 
Membership. 


May 1890 
Dec. 1893 
May 1898 


Oct. 
April 


May 
April 


April 


Sept. 
May 


Jun. 
Youngs- 
town, 
Lt., 
Assoc. 1895 
Dec. 1897 
April 1898 
Feb. 1896 
May 1898 
1894 
May 1898 
April 1898 
Cat 
April 1898 
Mar. 1898 
1898 
1898 
1895 
1898 


Affairs.] LIST MEMBERS—CHANGES AND CORRECTIONS. 
Date 

Membership 

Davis, CARLETON Rochester, Mass..... April 1898 


JOHN CRANCH Kilby St., Jun. July 1890 


Boston, 
May 1898 


April 1898 
CHARLES ALFRED.......... Eng. Maintenance 


Way, Peoria and East- 
ern Ry., Indianapolis, 


Strone, Car Dept., Michi- 


Car 
Co., Detroit, Mich.... April 1898 


JUNIORS. 


JOHN Care Cambria Iron 
Co., Johnstown, Pa... 1897 

Hall, Philadelphia, Pa. 


May 1898 


CHANGES AND CORRECTIONS. 


Dearborn St., Chicago, 

way, New York City. 

Pennsylvania Ave., Washington, 

CATTELL, WILLIAM ASHBURNER........ Richmond Hill, Queens Co., 

LORENZO Hempstead, Queens Co., 

127 Duane St., Room 35, New York City. 

COLEMAN, Asst. Engineer, Duluth, Minn. 

U.S. Engineer Office, New Bedford, Mass. 

Epwarp Mgr., Toronto Ry. Co., Toronto, On- 
tario, Canada. 

JoHN Apartado 26, Chihuahua, Mexico. 

Contra Costa Co., Cal. 


BENJAMIN Asst. Engineer, Mahan, Pa. 


j 


LIST MEMBERS—CHANGES AND CORRECTIONS. 
ASSOCIATE MEMBERS. 
Trenton, 
East 87th St., New York City. 
Cary Room 1514, Broadway, New York 
City. 
Pa. 
ton Life Bldg., New York City. 
Lucas, Van Court...Care War Department, Washington, 
CHARLES Prin. Asst. Eng., Water Dept., 
conda Copper Mining Co., Anaconda, 
Mont. 
RosENBERG, 132 West 130th St., New York City. 
Towson, Morris SHERMAN............ Dunham Place, Cleveland, 
Fro 
JUNIORS. Fro 
Craic, WASHINGTON RIGHTER......... Asst. Supervisor, Phila. Reading Ry., 
Shamokin, Pa. Fro 
FREDERICK LUKE........... St. James Bldg., 1133 Broadway, New 
York City. 
Evans, 164 West 128th St., New York City. 
West 123d St., New York City. 
Haas, 320 Sansome St., San Francisco, Cal. 
Tenn. 
Powelton Philadelphia, Pa. 
Inspector Surveys, General Land Office, 
Washington, 
DEATHS. 
Elected Member Dec. 7th, 1887; died 
Feb. 1898. 
Epwarp Member Apr. 7th, 1875; died 
Apr. 1898. 
Junior Sept. 3d, 1895; died 


Apr. 8th, 1898. 


Affairs. 


From the American Institute Mining 
Engineers: 
Apparatus for the Removal Sand 
rom Waste-Water Ore- 
Colombia. 
Kotchkar Gold-mines, Ural Mountains, 


Russia. 

Kalgoorlie, Western Australia, and Its 
Surroundings. 

Relation the Strength Wood 
under Compression the Trans- 
verse Strength. 

Some Dike Features the Gogebic 


Range. 

Accumulations Amalgam Copper 
Plates. 

Proceedings the Seventy-fourth 
(Twenty-eighth Annual) eeting, 
Atlantic City, February, 

From George Bailey, Albany, Y.: 

Annual Report the Water Commis- 
sioners Albany, for 

From Onward Bates, Chicago: 

Specifications for Steel and Iron Work, 
for Bridges. 

From the Bignall Keeler Manufacturing 
Company: 

Catalogue No. the Peerless and 
Duplex Pipe Threading and Cutting 
Machines. 

From the Board Railroad Commission- 
ers, New York: 

Annual Report, for 1897, 

ols. 


From the Civil Engineers’ Club Cleve- 
land: 


Constitution and List Members, 
March 1898. 
From the Connecticut State Board 
Health: 
Report, for 1897. 
From Charles Corner, Austin, Texas: 
Sixth Annual Report the Railroad 
Commission the State Texas, 
for 1897. 
From Bell Dawson, Ottawa, Canada: 
Survey Tides and Currents Cana- 
dian Waters, Report Progress. 


From the Engineering Association the 


uth: 
Proceedings, Vol. No. 


From the Engineers’ Club New York; 
Constitution, Rules, Officers and Mem- 
bers, 1898. 
From Henderson, Brisbane, Queens- 
land, Austria: 
Report Water Supply, for 1897. 
From Rudolph Hering, New York City: 
Indianapolis News, containing Report 
Mr. Rudolph Hering Sewer- 
and Drainage System, June 21, 


Deterioration Water Reservoirs 

and Conduits. Charles Brush. 
Sewerage and Drainage Trenton. 
Rudolph Hering. 


ADDITIONS LIBRARY AND MUSEUM. 
ADDITIONS 


LIBRARY AND MUSEUM. 


Relation Ground-Water the 
Waring, Jr. 

Confidential Report the Head 
Lake Superior Location for the 
Manufacture Steel Rails. 
Mattes, 1890. 

From the Illinois Steel Company: 

Account the Works the Com- 
pany. 

From the Institution Civil Engineers 
London: 

Minutes Proceedings, Vol. 

List Members, April 1898. Two 

copies. 


From the John Crerar Library, Chicago: 
Third Annual Report, 


From Kernot, Melbourne, Victoria: 
Some Common Errors Iron 
Bridge Design. 
From the Technische Hoch 
schule, Aachen, Germany: 
Feier zur Einweihung des Neubaues 
Elektrotechnik und Bergbau, 
May 15, 1897. 
Festrede zur Vorfeier des Geburtstages 
des Kaisers Wilhelm II. gehalten 
Januar, 1898. 
From Theodore Leisen, Engineer and 
Superintendent: 
eport Board Park Commission- 
ers, Wilmington, Delaware, for 1897. 
From the Librarian the Engineering 
the School Practical Science, 
Toronto: 
Papers read before the Society, 1897-98. 
From the Massachusetts Railroad Com- 
missioners: 
Annual Report for 1897. 


From Charles Mayne, Shanghai, China: 


Report the Municipal Council 
for 1897 and Budget for 


From Natividad Gonzalez, Mexico: 
Informe rendido Secretaria 
Comunicaciones Obras Publicas por 
Ingeniero Edgardo Smoot. 
From the New England Free Trade League: 
Protective Tariffs Give More Work 
Workingmen? Charles Warren. 


Success Free Trade. Sir Robert 
Griffen. 
From the New York State Library: 
Annual Report for 1897, 


From William Jasper Nicolls, Philadelphia: 
Coal Catechism. 


From the North England Institute 
Mining and Mechanical Engineers: 

Account the Strata Northum- 
berland and Durham 


borings and sinkings. 


From the Pennsylvania Steel Company, 
Steelton, Pa.: 


General Catalogue, 1898. 
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From the Public Library, Cincinnati, O.: 
Annual Reports the 
Treasurer for the year ending June 
30th, 1897 


von Schon, Sault Ste. Marie, 

Synopsis Works Constructed 
Sault Ste. Marie, Mich., 
Lake Superior Power Co. Five 
copies. 


From the Smithsonian Institution, Wash- 
ington, C.: 
Annual Report for the year ending 
June 30th, 1895. 


From the Society Engineers, London: 
Transactions for 1897. 
From the Society Naval Architects and 
Marine Engineers: 
Names and Addresses the Officers 
and Members, January 1898. 
Transactions for 1897. 


From the State Agricu‘tural College, Fort 
Collins, Colo.: 
Bulletin, No. 41: Blight and the plant 
diseases. 
Bulletin, No. 42: Sugar beets Colo- 
rado 1897. 
From Stone, India: 
Determination the Safe Working 
Wrought Iron and Steel. 


From Svenska Teknologforeningens,Stock- 
olm: 
Mars. 1898. 


From Chief Engineers: 
Reservoir Sites Wyoming and Colo- 
rado. Two copies. 
Viaduct Across Rock Creek, District 
Columbia. Two copies. 
Eight Pamphlets. 
Annual Report for 1897. Vol. parts. 
From Geological Survey: 
Eighteenth Annual Report, Part 


From the Nautical Almanac Office: 
American Ephemeris and Nautical Al- 
manac for 1900. 


From the Treasury Department, 
Bureau Statistics: 
Commerce and Navigation the 
United States, 1897. 


From War Department: 
the Chief Ordinance for 
copies. 


the University Press, Knoxville, 
The University Tennessee Record. 
Review 1897. 


From the West Virginia Society Civil 
Engineers and Architects: 
Proceedings the Third Annual Meet- 
January 26th and 27th, 1898. 


From Colonel Park Wordward, Atlanta, 


Section Lead Pipe showing the Effect 
Electrolysis. 


1898 


Experi 
Pione 


The 
Tron 
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his 
1897, 
recent 
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sent 
volume 
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PAPERS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS: 


PAGE 


Wood-Bore 


EXPERIMENTS THE FLOW WATER THE 
SIX-FOOT STEEL AND WOOD PIPE LINE 
THE PIONEER ELECTRIC POWER 
COMPANY, OGDEN, 

UTAH. 


PRESENTED THE ANNUAL CONVENTION, 1898. 


Through the courtesy Bannister, Am. Soc. E., and 
his suggestion, the authors were enabled carry out, August, 
1897, limited series experiments the flow water the 
recently finished conduit the Pioneer Electric Power Company, 
Ogden, Utah, which was that time chief engineer. the 
main dam has not been ‘ed, was not possible extend the 
papers are issued bet. date set for presentation and discussion. 


invited from those who cannot present the meeting, and may 


sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 


3 
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experiments the velocities flow corresponding the full carrying 
capacity the conduit. the intention when opportunity 
offers. Believing that the results obtained far, and description 
the method experimentation adopted, may prove interest the 
profession, this paper submitted. 

For description the entire pipe line and the construction 
the pipe, reference may made paper recently published.* 
The plan and profile each the portions experimented upon are 


given herewith, with the account the experimental 
results. 


OBJECT AND METHODS. 


General Plan. 


The main object the experiments was determine the relation 
between the rate discharge the pipe and the loss head between 
certain definite points. accomplish this was necessary meas- 
ure, simultaneously, the pressure each end the length pipe 
under experiment, and the rate discharge. 

secondary object, observations were taken the loss head 
the Venturi meters, with different velocities flow. 


Pressure Measurements. 


(1) Method Adopted.—A consideration the probable range the 
losses head measured made evident far greater degree 
precision was required the pressure measurements than could 
attained with any pressure gauge the Bourdon type. seemed 
reasonably certain that the best results attainable with such gauge 


would unreliable least much per square inch (equiv- 


alent water column 2.3 ft.); more probably the errors would 


two three times that amount, even greater. Such degree 
uncertainty would render the results wholely valueless. was there- 
fore decided use mercury 


Power Plant, Pipe Line and Dam the Pioneer Electric Power Company 
Ogden, Utah,” Henry Goldmark, Transactions, Vol. 


This discussion Bourdon gauges has reference only their applicability this 
series experiments. not meant that such gauges can never give satis- 
factory results experiments this kind. For great length pipe the loss head 
may great that the errors Bourdon gauge are relatively unimportant. any 
case, however, such gauges should repeatedly and carefully tested, during the period 
experimenting, about the pressures which they are used. will aid eliminat- 
errors the pressure measured various points along the profile the 
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(2) Description Gauges.—The form gauge used was the ordin- 
ary open manometer. Fig. shows the essential parts the mano- 
meter used the point greatest pressure, near the power house. 
Besides the manometer proper, the figure shows water-jacket sur- 
rounding the mercury tube, and vessel into which the water passing 
through the water-jacket wasted; the mercury reservoir, being placed 
this vessel and being surrounded water. The mercury reservoir 
cast iron, the interior being cylindrical, diameter. 
one side window, fitted with glass, through which the position 
the surface may observed. The vertical tube 
wrought-iron pipe, except the upper end, where length 


AIR 


PRESSURE FROM 
LOWER END OF 
VENTURI METER nal 


PRESSURE FROM 
THROAT OF 
SUPPLY PIPE 
FOR WATER JACKET 
= BB CONNECTED TO MAIN PIPE LINE TAKEN BELOW 
VENTURI METERS 
VALVE 


dO ON3 


PRESSURE PIPE FROM 
MAIN PIPE LINE 


= 


LOWER MANOMETER DIFFERENCE GAUGE 
Fig. Fig. 1b. 


glass tube attached, with scale for reading the position the 


top the mercury column. Into the top the reservoir fitted 
pipe leading that cross-section the main pipe which the 
air-cock. When the gauge use the pipe and the space 
the reservoir above the mercury are filled with water. The air 
the reservoir removed opening the air-cock and allowing water 
enter slowly through the partially open valve The air-cock 
then closed and the valve fully opened, and mercury rises the 
tube BB. The height the mercury column measures the water 
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pressure the surface the mercury the reservoir; and thus, 
allowing for difference level, the pressure known any point 
the pipe and the cross-section the main pipe which this 
pipe attached. 

Two questions connection with the use the gauge call for some 
explanation—the effect changes temperature upon the mercury 
column, and the method attachment the gauge the main pipe. 

(3) Correction for Temperature.—In order that the observations may 
comparable, the observed height the mercury column must 
every case reduced that equivalent column some stand- 
ard temperature. was therefore necessary know the temperature 
the mercury the time each observation its height. The de- 
gree precision needed the temperature observations may 
estimated noticing that change Cent. affects the length 
the mercury column about its value. The static pressures 
the four points which measurements were made (expressed 
height water column) were about 462 ft., 153 ft., 101 ft. and ft., 
respectively. Temperature changes about 1.2°, 3.6°, 5.5° and 11.5° 
Cent. these four points, respectively, would thus each correspond 
error 0.1 ft. the measured pressure-head. 

the lower end the steel pipe, where the pressure had its 
greatest value, was decided employ water-jacket for the purpose 
keeping the mercury nearly constant temperature. This jacket 
shown Fig. to. The }-in. mercury tube was 
enclosed larger pipe through which stream water was al- 
lowed flow continuously during the time experimenting. The 
temperature this water remained nearly constant, and was read 


intervals means chemical thermometer suspended the 


waste-vessel This water-jacket surrounded length 
ft. the column, the total length which varied from ft. 32.8 
ft. length not exceeding ft. was thus left unjacketed; but 
believed that serious error was thus introduced. Thus, for 
ft. mercury, error about 10° Cent. would required 
introduce error 0.1 ft. (water) into the pressure-head. 

the other pressure stations the heights the mercury columns 
were much less, and was thought sufficient determine the tem- 
perature means thermometer placed beside the manometer 
tube. During most the observations taken the upper end the 
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steel pipe line, where the greatest height the mercury was about 
11.3 ft., the instrument was shaded during the time experimenting. 
the upper station the wooden pipe line the manometer was fully 
shielded from the sun shed built for the protection the pipe 
against rock slides, and the temperature the air was very constant. 
the lower station the wooden pipe line the tube containing the 
column was shielded from the sun 2-in. plank upon 
which was mounted, and the temperature was read from thermom- 
eter hanging beside it. 

Although, some respects, more favorable temperature conditions 
would have been desirable two the manometer stations, not be- 
lieved that serious error was introduced into the results from this cause. 

(4) Altachment Manometers Main Pipe.—The proper method 
attachment piezometer for the purpose measuring the pressure 
any section pipe carrying water has been the subject con- 
siderable discussion. The main questions raised have been: (a) 
whether single point attachment the pipe sufficient, 
whether attachment should made chamber communicating 
with the pipe several points the circumference; and whether 
case attachment made only asingle point, this should the 
top some other point the circumference. careful considera- 
tion the principles involved led the authors the conclusion that 
the number points attachment immaterial, and that the posi- 
tion the point attachment the circumference important only 
affecting the liability the collection air the pipe leading 
the 

the case the steel pipe the simplest method available was 
make connection with relief valves the top the pipe. the 
lower end the manometer was located the power house, about 200 
ft. from the point attachment the main pipe; the connecting 
pipe, in. diameter, entering the building through window. 
the highest point this connecting pipe was placed valve for drawing 
off air. the station near the upper end the steel pipe line the 
connection with the manometer was made through pipe about ft. 
length, with valve for air the highest point. both cases the 
air valves were opened intervals during each run, order remove 
any possible accumulation air. 


further discussion these questions given the appendix this paper. 
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connecting the manometer tothe wooden pipe, hole was bored 
right angles the axis the pipe. Into this hole the pipe lead- 
ing the manometer was screwed, care being taken that there should 
projection beyond the inner surface. each the pressure 
stations the wooden pipe line the length the connecting pipe was 
only few feet. 

Plate XVII, Figs. and show the upper and lower manom- 
eters, respectively, the wooden pipe; and Plate XVIII, Figs. 
and show the upper and lower manometers, respectively, the steel 
pipe. The difference-gauges the north and south Venturi meters, 
respectively, are shown Figs. and Plate XIX. 


Measurement Rate Discharge. 


(1) Method Adopted.—The main pipe, ins. diameter, divides 
near the power house into two branches, each ins. diameter. 
Each these branch pipes furnished with Venturi meter with au- 
tomatic register. These meters were the only available means 
measuring the rate discharge with any approach precision. 

The automatic registers, however, were not adapted the purpose 
The register integrating device, recording the total 
quantity discharged, but not showing the rate discharge directly. 
The rate discharge can determined from its readings only ob- 
serving the difference between the readings the beginning and end 
known period time. This period must considerable 
length, since the smallest quantity directly indicated the register 
000 cu. ft.; and intermediate readings cannot estimated with 
precision. Moreover, the result such determination not reliable 
unless the rate discharge has remained uniform, since the indicating 
mechanism moves only once ten minutes, registering each move- 
ment amount proportional the rate discharge that instant. 
The register itself gives indication what fluctuations the 
rate discharge occur during the ten-minute intervals. was 
therefore decided attach each meter mercury gauge, designed 
show, every instant, the difference between the pressures existing 
the throat and the up-stream sections the Venturi. This pressure 
difference indicates the rate discharge instantaneously; time in- 
terval need measured. 
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(2) Difference-Gauges.—For accomplishing the object stated, the 


essential parts the difference-gauge are two vertical glass tubes 


connected the bottom, and the top communicating respectively 
with the two sections whose pressure difference determined. 
The tubes are filled with mercury convenient height, the space 
above the mercury and the connecting pipes being filled with water. 
means fixed vertical scale, the difference level between the 
tops the two mercury columns may read any desired instant. 

The gauges, actually constructed, were designed accomplish 
additional object, namely, indicate the total loss head the 
meters. For this purpose third tube was added, connected with 
the other two the lower end, and the top communicating: with 
the 54-in. pipe immediately below the meter. Simultaneous readings 
the three mercury columns thus served determine both (a) the 
instantaneous rate discharge, and the corresponding loss head 
the meter. 

Fig. are shown the essential features these difference-gauges 
actually constructedand used. glass tubes communicate 
with each other freely the bottom through suitable connections 
wrought-iron pipe. topthey communicate with separate pipes 
leading respectively the three sections whose pressures are 
compared. Each furnished the highest point with 
escape cock for drawing off air, and each pipe placed 

attaching the gauge for use, the air-valves were first left 
open, and the space the tubes above the mercury completely filled 
with water, the gate-valves the connecting pipes being, for this 
purpose, only slightly opened. These latter valves were tightly closed 
soon all the air had escaped from the tubes and connecting pipes, 
and very gradually opened again after the air-valves had been closed. 
difficulty was experienced from air the pipes two 
these pipes and each gauge) the air-valve was the highest 
point; the third (that running the section below the meter) this 
was not the case. Whether air was present any pipe could 
tested times discharge, since under static conditions the three 
mercury columns must stand the same level the connecting pipes 
were completely filled with water. During the series experiments 
there were frequent opportunities applying this test, and air was 
never found present, even the pipe with the upward bend, 
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except two three instances. These instances occurred after the 
adjacent receiving chamber had for some reason been emptied 
water; and was always found easy blow off the air through the 
air-valve 

The scales for reading the heights the mercury the tubes were 
graduated hundredths foot, and the third decimal place was 
estimated taking readings. setting the instrument, the ad- 


justment was determined the equality the readings the three 
scales under static conditions. 


Programme Tests. 


carrying out the experiments, observer stationed each 
the gauges use took readings short intervals during certain 
time previously agreed on. The interval between readings was 
originally intended one minute, but was found that under 
steady conditions was not always necessary read frequently. 

The rate discharge was controlled the superintendent 
charge the power house. The aim was maintain uniform flow 
for certain period; then change the rate discharge and maintain 
flow for another period; then change again; and 
long desired. this way was obtained series simultaneous 
sets values the three quantities sought, the rate discharge and 
the pressures two sections the main pipe. 

was not necessary note the time reading with great pre- 
cision, long nearly uniform conditions discharge and pressure 
could maintained. sufficient degree uniformity was secured 
without difficulty, except two three instances mentioned later. 

After change the rate discharge, some time always elapsed 
before steady condition was re-established. was found that about 
fifteen minutes must allowed for each change. The first day’s 
results were unsatisfactory because sufficient time was not allowed for 
steady conditions re-established after changes the rate dis- 
charge. During the period adjustment from one steady condition 
another, the pressure gauges showed marked fluctuations, the range 
being first considerable,* but decreasing and nearly disappearing 


lower end the line, the mercury column case rose more than ft. above the static 


height. one casea sudden stoppage occurred, owing the blowing out fuse, 
but the above statement holds even for this extreme case. 
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after ten fifteen minutes. The difference-gauges attached the 


Venturi meters, the other hand, adjusted themselves changed 
conditions much more quickly, their oscillations times change 
continuing not more than two three minutes. This showed that. 
the rate discharge became steady very quickly, while the pressure 
continued oscillate for some time. was first suggested that 
the observed oscillations the manometer columns might due 
the inertia the mercury. was found, however, plotting curves 
showing the simultaneous readings the two gauges use the 
same time, that there was always close agreement between the periods 
oscillation the two columns. This shown Fig. would 
therefore appear that the observed oscillations correspond true 
oscillations the pipe. Doubtless these variations 
pressure are transmitted waves throughout the length the pipe. 

difference phase between the oscillations pressure the two 

Because conditions existing the inlet, the highest rates dis- 
charge observed were accompanied decrease pressure 
out the pipe. Under such circumstances was more importance 
secure exact coincidence the times observing the two press- 
ures, since any uncertainty what observations the two stations 
are simultaneous introduces uncertainty into the value the loss 
head between the stations. that the gauges the two. 
stations always gave practically identical determinations the rate 
decrease the pressure. This illustrated the plotted results. 
shown Fig. 

will noticed that the oscillations pressure the begin- 
ning the period represented the curves Fig. show 
period between successive maxima minima about six minutes. 
The records for the entire series experiments show period lying 
between five and six minutes. should said thatthere were also. 
minor oscillations period short that attempt was made 
record them. The period these minor oscillations was not deter- 
mined, but was only few 

cases falling pressure the oscillations recorded stations. 


serve check upon the coincidence the instants observation. 


The velocity ual 
the velocity sound 


agation pressure wave should, fact, practically 
water—about per second. The interval occupi 


traversing the distance between the two manometers would therefore less than 
second, since the greatest length pipe experimented upon was 427 ft. 
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Reduction Observations. 


(1) Reduced Height Manometer quantity directly 
given manometer reading was the height the top the mercury 
column above the zero the this must added the height 
the zero the scale above the surface the mercury the reser- 
voir. This latter quantity need not determined with great accu- 
racy, since the method adopted for computing loss head (to 
explained presently) constant added all the observed readings 
does not affect the final result. Except for the necessity applying 
the temperature correction, the direct readings the scale could 
used instead the total heights the mercury column. For 
the purpose applying the corrections for temperature, the height 
the zero the scale above the surface the mercury the 
reservoir was taken constant, its value being measured under 
conditions static pressure. The reduction equivalent 
column Cent. made multiplying the observed height 
the column the factor 1—0.000 being the temperature 
the mercury the time observation, expressed degrees 
Centigrade. 

Strictly speaking correction must also made for the rise the 
surface the mercury the reservoir. The interior diameter the 
reservoir being about sixteen times that the glass tube, fall the 
mercury the latter must accompanied rise about 
the former. shortening the column therefore 
equal the drop the column multiplied about 1.004. 
For the greatest loss head measured the entire series experi- 
ments (about 3.4 ft.), this correction would amount only 0.014 ft. 
(water). 

(2) Plotting Reduced Readings.—After each day's run, the reduced 
heights the manometer columns and the readings the Venturi 
difference-gauges were plotted ordinates with time abscissas. 
inspection the resulting curves was possible select periods 
during which the conditions pressure and discharge remained 
steady. The data corresponding each period were averaged, and 
the resulting average values the manometer heights and difference- 


gauge readings were regarded constituting 
Samples the plotted results are shown Figs. which will 
referred again. 
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(3) Computation Loss Head.—Since the pipe had the same dia- 
meter the two pressure stations, the loss head between these 
stations found comparison the pressures. 

Let suffixes and refer up-stream and down-stream stations 
respectively, and let 

and denote any simultaneous heights the mercury 

columns 

and values and under static pressure 

loss head between the two stations (expressed height 

water column). 


tween the two (1) 


evident that the value not changed any constant 
error affecting all values (including the static value), nor 
constant error affecting all values This justifies the statement 
above made that great accuracy not required the determination 
the height the zero the manometer scale above the surface 
the mercury the reservoir. Any constant length the mercury 
column could disregarded, except for the necessity reducing for 
temperature. 

(4) Computation Rate theory the Venturi 
meter based upon the assumption that the velocity flow uni- 
form throughout each the cross-sections whose pressures are com- 
pared. this assumption, and neglecting loss head between the 
two sections, the rate discharge given the following formula 

Let denote the rate discharge cubic feet per second, com- 
puted the aboveassumption, and let the difference between the press- 
ure-heads points the same level the two cross-sections (called 
feet water column). Then, and are the areas the two 


cross-sections, 
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denotes the true value the rate discharge, 


(4) 


being coefficient whose value known only experiment. 
the Ogden meters the diameters the two cross-sections are 
ins. and 25.5 ins., respectively. The formula therefore becomes 


being cubic feet per second, feet, foot-second units, and 
being abstract number. 

order save labor the application the formula con- 
venient replace the difference height the two mercury 
columns the difference-gauge. denotes this difference and the 
specific gravity mercury, 


since the difference the mercury heights part balanced 
equal and opposite difference between the heights the water 
columns above the mercury. Taking 13.6 the value equation 
(5) may written 


The values used with the Ogden meters were furnished 
the writers, the request Clemens Herschel, Am. Soc. E., 


the manufacturers, the Builders’ Iron Foundry, Providence, 


the values are given the following table: 


Head Venturi. Coefficient. Head Venturi. Coefficient. 
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These values are based upon experiments Herschel 1891 
with the 48-in. meter the East Jersey Water Company; the ratio 
throat diameter main diameter being the same for this meter for 
the Ogden meters. 

The values the throat velocity for different values 
Venturi,” corresponding the above values the coefficient are 
shown Fig. This diagram copied from one furnished the 
Builders’ Iron Foundry, which was used making the actual compu- 
tations. 

The heights the mercury columns the difference-gauges were 
read 0.001 ft., and believed that the probable error value 
does not exceed 0.002 ft. The corresponding error the value 
varies with being less gis greater. From the relation between 
and above given, taking (which sufficiently correct for the 
present purpose), 


1.1 0.11 varies from 10cu. ft. per second 100 cu. ft. per 
second. The smallest values the experiments under considera- 
tion were about cu. ft. per second; the uncertainty these values, 
far due errors the observed values probably about 
per cent. The observational error values greater than cu. 
ft. per second probably less than per cent. 


General Results. 


order facilitate comparison with the results other experi- 
ments, the results are represented three ways: 

(1) The loss head per 000 ft. has been computed from each ob- 
servation, and the relation between this loss and the velocity flow 


represented graphically. 
(2) The values inthe Chezy formula, 


has been computed for each observation, and the relation between 
and represented graphically. 

(3) The value the formula for loss head pipe diam- 
eter and length 
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has been computed for each observation, and the relation between 
and represented diagram. 
There definite relation between the Chezy formula 


the value the hydraulic slope, the value the hy- 


draulic radius The above two formulas are therefore identi- 


cal 


Loss Head Venturi Meter. 


already stated, the difference-gauges attached the Venturi 
meters were designed show the differences between the pressures 
three sections: (1) just before the contraction the stream, the diam- 
eter being ins.; (2) the throat, the diameter being 25.5 ins., and 

(3) just below the expanding stream, the diameter being ins. The 
difference between the pressures the first and third sections shows 
the loss head caused friction, and the contraction and expan- 
this loss and the rate flow through the meter represented both 
graphically and tabular form. 

Some trouble was experienced from the presence dirt the top 
the mercury columns the difference-gauges. fortunately 
happened that this difficulty was confined, both gauges, the 
tube communicating with the section below the meter 
marked Fig. that the estimate rate discharge was not 


affected. The observations for loss head the meter were, how- 


ever, rendered less accurate than they would otherwise have been. 
The uncertainty the reading the mercury column probably 
case exceeded 0.004 ft., but this was sufficient render valueless cer- 
tain the observations taken with low velocities flow. spite 
this, the entire series observations serves show pretty satis- 
factorily the relation between loss head meter and velocity 
flow, within the range the experiments. The discussion 
results follows. 


TIME OBSERVATION 
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STEEL PIPE. 


Description Pipe Line. 
For full description the dimensions and construction the 
riveted steel pipe, reference may made the paper previously 
cited.* The portion experimented upon included nearly the entire 
length the steel pipe. plan this pipe straight; the profile 
shown Fig. The positions vertical curves elbows are 
also shown Fig. the radius curvature and total angle each 


case being given the following table: 


Elbow No. Station. Angle. Radius feet. 


change direction between successive sections elbow 
was limited 5°, that each section about ft. long. 
The butt straps, sizes rivets and rivet spacing are the 
same for straight pipe.” 


OBSERVATION 


Throughout the series observations the steel pipe the upper 
pressure station was the point marked the profile. The 
lower station, near the power house, was during observations 
1-12, after which was A’. The length pipe from 
427 from 4367 ft. The diameter the pipe varies 
slightly different portions, the mean value being 72.22 


Record Observations. 


(1) Examples Full Daia Upon Which Tabulated Results Are 
already explained, the quantities recorded constituting single 
are every case based upon readings taken short 
intervals during period These periods were selected 
after plotting, time base, the values the four quantities ob- 


Transactions, Vol. xxxviii, 246. 
Transactions, Vol. xxxviii, 262. 
Transactions, Vol. xxxviii, 259. 
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served, namely, the heights the two manometer columns (reduced 
for temperature), and the readings the two difference-gauges at- 
tached the Venturi meters (at times, however, only one meter was 
use). The nature actual records obtained will sufficiently 
indicated showing samples these plotted results. These are 
given Figs. and Although the record given Fig. was 
taken during experiment the wooden pipe, representative 
the character the records obtained both sets observations, 
all cases except the nine observations taken under conditions 
falling pressure; while the record shown Fig. representative 
these nine observations. these cases falling pressure, periods 
were selected during which the difference-gauges showed the rate 
discharge nearly uniform, while the manometer readings showed 
nearly constant rate decrease the pressure each pressure 
station. This rate decrease any given instant had practically 
the same value the two stations, and the difference between the 
heights the manometer columns thus remained constant during the 
time observation. case observations made under condi- 
tions decreasing pressure, any discrepancy between the times 
taking manometer readings the two stations introduces error 
into the observed value the difference between heights manome- 
ter columns. The instants reading were nearly coincident 
they could made comparison watches, and believed 
that the results are not affected Assuming, above, 
that the time transmission pressure-wave between the two 
stations less than one second, the oscillations pressure furnish 
check the coincidence the times observation. 

(2) Tubulation Reduced Observations.—The entire series experi- 
ments made upon the steel pipe resulted twenty-nine observa- 
tions” whose periods were selected the manner above described. 
The dates these observations are shown Tables Nos. and 

The date and period each observation are shown columns 
and Table No. Columns the same table give the re- 
sults the observations the Venturi meters. The reading dif- 
ference-gauge,” given columns and for the two meters, the 
difference between the observed heights the two mercury columns 
connected respectively with the throat and the up-stream section 
the Venturi. The equivalent water column (‘‘head Venturi”) 
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TABLE No. Pree OBSERVATIONS. 


METER. METER. 
1897. 
-086 29.6 40.0 69.6 2.447 
29.8 -160 40.1 69.9 2.457 


The rate the discharge the meter was small during this observation 
that could not accurately measured. 


found multiplying the tabulated number 12.6 being 
the specific gravity mercury. The values the head Venturi 
are not given Table No. but will found Tables Nos. and 
the mean velocity the main pipe, the diameter has been taken 
72.22 ins. 

The manometer observations, with the values the loss head 
deduced from them, are recorded Table No. headings the 
columns explain sufficiently the meanings the quantities tabulated. 
Column gives the length the main pipe between the points at- 
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HEIGHTS MANOMETER COLUMNS Static Loss BE- 


Length (FEET.) ence TERS. head per 
water). 

4427 11.251 22.668 0.008 0.041 0.0092 
8..| 4427 11.258 83.914 22.656 22.668 .012 -168 -0869 

4427 11.204 83.847 22.643 22.668 
6..| 4427 11.018 33.661 22.648 22.698 
4427 11.013 33.659 22.646 22.698 -160 
4427 10.559 22.577 22.698 1.646 
4427 Dropping Dropping 22.453 22.698 
11, 427 10.720 33. 22.580 22.698 1.605 
4427 10.733 33.316 22.698 1.564 
4367 10.559 22.554 22.707 2.081 

4367 11.207 83.896 22.689 22.707 
20. 4 367 11.022 83.669 22.647 22.707 -060 .816 .187 
22..| 4367 10.748 83.342 22.594 22.707 -118 1.587 -352 

4367 10.890 22.630 22.707 1.047 
27..| 4367 10.375 22.548 2.162 


tachment the two manometers. The point attachment the 
upper manometer remained unchanged during the experiments that 
the lower was changed after observation No. 12.* Column 
gives the difference between the heights the'two manometer 
columns under static conditions. The observed value this 
ence changed because the quantity mercury the lower manom- 
eter changed, for reasons considered presently. The numbers 
column are obtained from those columns and subtrac- 
tion. The values column are reduced equivalent water heights 
(column multiplying 13.6; and the loss head per thousand 
feet (column found from total loss head (column and length 
pipe (column 2). 


The reason for this change was that the point attachment was 
first too near the fork the main pipe. 
tion from this cause. 


results, however, show evidence vitia- 
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TABLE No. GENERAL RESULTS. 


Mean velocity Loss head Value Value 
main pipe. per eet. 

Feet per formula 
496 
496 0147 
510 187 0137 
510 0549 
116 0191 
1,065 0768 0262 
1,086 0676 108 
1.114 0560 121 0174 
1,599 109 125 0165 
0201 
105 
1,670 .160 108 
109 0215 
2.141 240 
100 0257 
2.313 363 0262 
340 108 0219 
107 0226 
108 
110 0214 
2.735 AW 102 
3.062 112 0204 
107 
3.652 110 0212 
3.701 158 110 .0213 
3.846 118 0203 


General Results.—In Table No. are shown three sets results, 
arranged for convenient comparison with other recorded experiments 
and accepted results. The observations are arranged according 
values the mean velocity flow (column 2), and columns 
and given the values the three quantities most commonly em- 
ployed estimating the carrying capacity pipes. The quantities 
given this table are also represented graphically Figs. and 

Fig. shows the loss head per thousand feet function the 
mean velocity flow. The curve expressing this relation would 
parabola with vertex the origin, and principal axis parallel the 
ordinates representing loss head, and were constants. 

Fig. each observation represented point whose abscissa 
and whose ordinate the value cin the Chezy formula, 
like manner Fig. shows, for each observation, the value 
and that the coefficient the formula for loss head, 
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From inspection Figs. and evident that the obser- 
vations not clearly disclose any law variation the coefficients 
cand with the velocity flow. The curves which appear best 
represent the distribution the plotted points are (Fig. and 
A'B' (Fig. noticed that the value from observation 
No. (0.0549) great throw the point beyond the limit 
Fig. 8.] These curves show, between 1.5, and 2.5, slight 
increase and decrease Such law variation cannot, how- 
ever, regarded well established the results shown. 

apparent that, for values less than ft. per second, the 
values not greatly vary with the velocity. The average 
all the values given Table No. 109.1; omitting cases 
which less than ft. per second, the average corre- 
sponding values are 0.0216 and 0.0215. 

addition the above quantities, may well record the 
values the coefficient roughness Kutter’s formula. The 
above mean value gives for values ranging from about 0.013 
0.015, the smaller values corresponding low velocities flow and 
the larger the higher velocities. 


The reliability the measurement rate discharge has already 
been discussed. 

the determination loss head the steel pipe difficulty 
was met which somewhat impaired the reliability the results. This 
was the difficulty making the manometer reservoir and the pipe 
containing the mercury column perfectly tight under the high pressure 
existing the lower manometer station. After the experimenting 
had continued for several days, was found that there had been 
leakage mercury sufficient appreciably affect the manometer 
readings. the fluctuations the surface the mercury the 
reservoir could not accurately measured, the changes the quan- 
tity mercury the manometer introduced errors into the observed 
values (the difference between heights mercury columns). 
has already been pointed out that constant error these values 
consequence; but the leakage mercury introduced variable 
error uncertain amount. Had the difficulty been foreseen, means 
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would have been provided for reading accurately the position the 
mercury surface the reservoir. 

careful study the results made evident that the leakage was 
very slow, the only case which marked change the static read- 
ings was noticed being after the manometer had remained under 
pressure over night. During the latter portion the series experi- 
ments, the leakage apparently decreased much little 
importance. 

Had been possible secure reliable readings the heights 
the manometer columns, under static conditions each day which 
observations were made, the effect leakage could have been esti- 
mated and the errors due eliminated. This was not always pos- 
sible, but sufficient number static readings was obtained that 
fair estimate could made the values static difference mer- 
cury columns” used with the different observations. These 
values, nearly could estimated, are given column Table 
No. The value the static difference shows increase ob- 
servation No. and again This was due the addition 
mercury the lower manometer. 

believed that the greater part the irregularity observed 
the values loss head per thousand feet, and the values and 
due the leakage mercury from the lower manometer. 
further possible cause error, especially the earlier observations, 
may have been the presence air the pipes leading from the main 
pipe the manometers. the case the lower manometer, the con- 
necting pipe was necessarily considerable length, since the only 
practicable location for the manometer was the power-house, and 
careful manipulation was needed keep long pipe wholly free 
from air. This was probably accomplished more successfully during 
the later observations than during the earlier ones. 

The possible errors due changes temperature the mercury 
columns, and the method correcting for such changes, have already 
been discussed. further possible source error, changes 
temperature the water the main pipe may mentioned. was 
not practicable observe the temperature the water within the 
pipe during the time experimenting. The best that could done 
was take the temperature the water the waste flume below the 
power-house. complete series temperature observations was 
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taken, but frequent observations taken during the time from August 
4th August 11th showed variation about Cent., the range 
being from degrees. The coefficient expansion water 
this temperature about 0.000174, nearly great that mercury. 
variation the temperature the water from 16° 18° Cent. 
would change the value the difference pressure the two ma- 
nometer stations about 0.1 ft. water, and would appreciably 
affect the manometer readings, though its importance would not 
great, except for small values the loss head measured. 

Although the plotted results (Figs. and indicate the pres- 
ence errors sufficiently large importance comparison 
with the quantities measured, yet will seen that the absolute 
values the errors affecting the pressure measurements are not great. 
was thought that the method adopted for measuring loss head 
should give results reliable within 0.1 ft. absolute value, and 
believed that, even with the difficulties mentioned, the results actu- 
ally reached possess degree reliability high the standard set. 
Thus, the discrepancy the whole series shown obser- 
vations Nos. and The mean velocity has the same value 
the two cases, while No. gives the least and No. the greatest all 
the values found for the coefficient The values the total loss 
head differ only 0.122 ft. (column Table No. 2), and the actual 
error each value doubtless within the 0.1 ft. mentioned the 
standard accuracy expected. 

may noted further, that, the value regarded con- 
stant, and its value obtained averaging all the values found, 
excluding cases which less than ft. per second, the probable 
error this mean value about 0.9. 


Comparison Known Data Regarding the Discharge Riveted 
Pipes. 


far known the authors, experiments upon the discharge 
new riveted pipes diameter great ft. have been made. 
Experiments upon riveted pipes smaller sizes have been too few 
furnish basis for establishing the law variation the coefficient 
with the velocity, diameter and other conditions. The resistance 
flow offered the pipe doubtless depends upon various elements— 
thickness plates, length sections, frequency rivets and size 
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witH DIAMETERS RANGING FROM Ins. 103 Ins. 


Vel. Coefficient 


n 


96.0 |101.0 |101.2 78.0 97.1 |110 


07.9 


108.7 |.. 
108.7 |105.2 
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rivet-heads, nature interior coating, and the number, frequency 
and sharpness bends elbows. These various conditions differ 
much the pipes hitherto experimented upon that hardly any two 
sets results are directly comparable. The available data, far 
known the authors, for pipes not less than ins. diameter, are 
shown Table No. The values are arranged according 
values the diameter, and also the mean velocity flow. 
bottom each vertical column given the value the Kutter 
coefficient roughness, computed from the corresponding series 
experiments. These values have not been computed with great 
precision, being taken from Kutter’s diagram; and case experi- 
ments covering considerable range velocities, the recorded value 
intermediate between the extreme values given the experi- 
ments. Additional particulars regarding the different series ex- 
periments from which the tabular results are deduced will now given. 

North Bloomfield, Cal., October, 1876. Pipes sheet iron, single 
riveted, made lengths about ft., taper joints. 
Coated immersion boiling asphaltum and coaltar. use years, 
but interior surfaces worn smooth. Length every case about 700 ft. 
Discharge measured weirs. Loss head Jeveling between sur- 
face supply reservoir and outflowing stream, correcting for velocity 
head. Smith’s Hydraulics,” 302. 

Experiments Darcy, 1849-51. New sheet-iron pipe, coated 
with bitumen; screw joints; length, 365.5 ft. Discharge determined 
measurement tanks; loss head (probably) either water 
piezometers mercury gauges. The tabulated results, English 
units, are taken from Smith’s Hydraulics,” 226. 

Astoria, Ore., Water-Works. Steel pipe, cylinder joints; ins. 
diameter small sections; asphalt coating. Discharge measured 
rise reservoir surface test hours; loss head open 
stand-pipes. The measurement loss head for steel pipe was in- 
direct; the total loss the combined lengths 130 ft. stave 
pipe and 416 ft. steel pipe was measured, and the same time 
the loss 188 ft. stave pipe alone. Am. Soc. E., Vol. 
xxxvi, 21. 

Experiment Hamilton Smith Texas Creek, Cal. Pipe 
sheet iron, made lengths ft.; heavy coating asphaltum and 
coal tar. Length, Discharge measured weir, 5.5 ft. long; 


loss head leveling between surfaces supply and discharge 
tanks. Smith’s Hydraulics,” 311. 
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Experiment George Rafter, Am. Soc. E., old 
conduit Rochester, Y., Water Works, July and August, 1890. 


Cylinder joints. Length experimental section, 901 ft. Discharge 


determined rise reservoir surface; loss head water piezom- 
eters, Trans. Am. Soc. E., Vol. xxvi, 20. 

The tabulated results are based upon 742 000 galls. 
per day. Four gaugings this conduit, made when was new (in 
1876), gave average 704 000 galls. per day.* Assuming equal 
ratio decrease capacity have taken place all parts the 
conduit, the original gaugings would give about the value 
(for 4.25) when the pipe was new. 

Same experiment No. but different portion the conduit. 
Length, 541 ft. Loss head measured Bourdon gauges. 

Bloomfield (Cal.) Mining Company. Pipe sheet iron, coated with 
asphaltum and coal tar. Laid 1868; experiment made 1873, the 
surface being then quite smooth. Measurement discharge not re- 
garded very exact. Loss head measured leveling between 
surfaces supply and discharge reservoirs. Length, 1194 ft. 
Smith’s Hydraulics,” 309. 

10. Experiment Isaac Smith, Am. Soc. E., conduit 
Portland (Ore.) Water-Works. Cylinder joints; asphalt coating. 
Observations made February 27th, 1896. Discharge (probably) 
measured weir; loss head water piezometers. Length, 176 
ft. Trans. Am. Soc. Vol. xxvi, 203. 

11. Same experiment No. 10; another portion conduit. 
Length, 809 ft. 

12. Same experiment Nos. and another portion conduit. 
Loss head measured water piezometers. Length, 819 ft. 

The mean the above-mentioned four measurements made 
1876 would give, for this section pipe, value about 103 for 
assuming equal ratio decrease capacity for all parts 
the conduit. 

13. Experiments Clemens Herschel, Am. Soc. E., con- 
duit the East Jersey Water Company, from Belleville South 
Orange Avenue, 1892. Cylinder joints, asphalt coating. Discharge 
measured ‘‘imperfect weir;” loss head Bourdon gauges. 
Length, 000 ft. Herschel, Experiments the Carrying 
Capacity Large, Riveted, Metal Conduits,” pp. 28, 52. 

13a. Same conduit No. 13; experiment Herschel 1896. 
Discharge measured Venturi meter; loss head Bourdon 
gauges. Length, Experiments,” pp. 28, 52. 

14. Experiments Emil Kuichling, Am. E., new 
conduit Rochester Water-Works between Hemlock Lake and Rush 


Annual Reports Executive Board, Rochester, 1894-95, 169. 
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Reservoir, October and December, 1895. Cylinder joints, inner sec- 
tions ins. diameter; part coated with asphalt, part with Sabin’s 
japan. Length, 641 ft. Discharge measured rise reservoir 
surface; loss head reading mercury gauge lower end and ob- 
serving level water feeding chamber upper end. Annual 
Reports Executive Board, Rochester, Y.,” 344. 

portion this conduit (from West Bloomfield Rush Reservoir, 
468 ft.) was tested again June and October, 1896, giving 90.04 
mean observations. Methods measurement and range 
velocities not stated; fallin hydraulic grade ranged from 
1.08 ft. 6.95 ft. Rep. Exee. Board, Rochester, Y.,” 1896, 
45. 

15. Experiments Emil Kuichling new Rochester conduit 
between Rush Reservoir and Mt. Hope Reservoir, October and No- 
vember, 1895. Construction same No. 14; coated with Sabin’s 
japan. The tabulated results are the mean three gaugings agree- 
ing closely among themselves. Rep. Exec. Board, Rochester, 

16. Same experiment Nos. and 11; another portion conduit; 
construction the same. Length, 965 feet. 

17. Experiments Clemens Herschel Kearney Extension 
East Jersey Water Company. joints, coating unusually 
smooth.” Conduit put use January 10th, 1896; experiments made 
January 1896 (except one November 18th, 1896). Length, 
574 ft. Greatest velocity recorded, 4.26. Discharge measured 
Venturi meter: loss head Bourdon Experiments,” 
pp. 28, 53. 

18. Experiments Clemens Herschel conduit No. East 
Jersey Water Company, below Pompton Notch. Conduit put use 
September 30th, 1896; experiments made September and October, 
1896. Length from 833 81139 ft. Highest recorded velocity, 
5.41. Discharge measured Venturi meter; loss head Bour- 
don gauges. Experiments,” pp. 29, 53. 

19. Experiments Clemens Herschel Conduit No. East 
Jersey Water Company, 1892. Observations made various portions 
whole line, lengths ranging from 630 396 ft. Cylinder 
joints, asphalt coating. Discharge measured Venturi meter; loss 
head Bourdon gauges. ‘‘115 Experiments,” pp. 26, 27, 52. 

19a. Experiments Clemens Herschel 1896. Same conduit 
No. 19, but experiments limited section above Pompton 
Notch. Length ranging from 507 24630ft. Highest recorded 
velocity, 4.63. Discharge and loss head measured No. 19. 
pp. 27, 52. 

Experiments Clemens Herschel 1896. Same conduit 
No. 19, but experiments limited portion below Pompton Notch. 
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Length ranging from 610 009 ft. Highest velocity recorded, 
6.06. Experiments,” pp. 27, 52. 

20. Experiments Clemens Herschel 1896 Conduit No. 
East Jersey Water Company, above Pompton Notch. Taper joints; 
length, 648 ft. Velocity ranged from 2.99 4.69. Discharge 
measured Venturi meter; loss head Bourdon gauges. ‘115 
Experiments,” pp. 28, 53. 

21. Experiments conduit the Pioneer Electric Power Company, 
Ogden, Utah, August, 1897. Butt joint, asphalt coating. Length, 4367 
ft. ft. Velocity ranged from 0.51 3.85. Discharge measured 
Venturi meters; loss head mercury gauges. 

22. Experiments Clemens Herschel 1887, feeding trunk 
Holyoke testing flume. Diameter nominally ft.; actual diameter 
mean section, 8.58 ft. Cylinder joints; paint coating worn off; rather 
rusty. Length, 152.88 ft. Discharge measured accurate 
loss head water piezometers (surfaces water still boxes 
determined hook gauges). Am. Soc. pp. 246, 247. 
Experiments,” pp. 29, 54. 

will noticed that the case the authors’ results (column 21, 
Table No. 4), the values are given only the nearest unit, while 
every other case the first decimal figure given. not in- 
ferred from this that these results are regarded less precise 
character than the others. the opinion the authors experi- 
ments have been made such character warrant the use 
more than three significant figures the values certain cases 
experimenters have recorded values the sixth significant figure. 


Such appearance precision would warranted the results were 
reliable within one-thousandth per cent. 

Very little the way general conclusions the carrying 
capacity large riveted conduits can deduced from the data above 
recorded. Itis evident that the capacity such conduits less than 
was formerly supposed. Hamilton Smith pipes 
the smaller sizes (Nos. and Table No. had been sup- 
posed warrant the conclusion that riveted pipes had nearly quite 
great carrying capacity smooth cast-iron pipes. For such pipes 
has been supposed that the value increases with the velocity and 
also with the diameter; the table and curves given Hamilton Smith* 


271 and Pl. XIV. From inspection Pl. XIV. appears 
that the curves showing the relation between and greater than ft. are 
based very meager data, and that the curves drawn not conform the few ex- 
perimental points recorded. Itseems arbitrarily assumed that the law variation 
for large diameters must show general agreement with the law determined 
experiment for small diameters. 
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being regarded safe guides the selection coefficients. The re- 
sults recorded Table No. under numbers indicate that for 
large riveted pipes Smith’s values are much too great. Itis also 
noticed that these results show little variation with the 
diameter, and decided variation with the velocity. would 
appear that, for conduits ins. diameter over, unsafe 
count greater than 110 for new pipes; there are 
frequent sharp bends the coefficient will doubtless still less. 
Moreover, case long conduits under ordinary conditions use, 
expected that the suffer considerable diminution 
with age. 

should said that the time the Ogden conduit was de- 
signed, the views the engineering profession the carrying 
capacity large riveted conduits fully warranted the use co- 
efficient 120. The construction the conduit was such that its 
would certainly appear compare favorably with 
any previously made. The joints give interior surface with- 
out breaks, there being interior butt straps the round joints, 
while the longitudinal straps are continuous throughout the length 
the conduit. regards smoothness, this construction would appear 
have distinct advantage over either cylinder” taper” joints. 

remark may made regarding the applicability Kutter’s 
formula. From Table No. appears for diameters less than 
ins., and for pipe which either new such condition 
probably smooth when new, the value shows little variation 
the different experiments, being 0.010 0.011 every case. For 
larger sizes there increase with the diameter. This does not 
appear accounted for greater roughness the larger pipes 
experimented on, but rather attributed the imperfection 
the Kutter formula. further true that experiments the 
same pipe with different velocities (and consequently different values 
the slope give different values 


Description Pipe Line. 


The plan, profile, dimensions and construction the entire pipe 
line may found the paper, already referred to.* The plan and 
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profile the portion the wooden pipe upon which the experi- 
ments were made are shown Fig. being the lower and the 
upper pressure station. The diameter the pipe 72.5 ins. 


Record Observations. 


(1) Example Plotted Results.—Reference has already been made 
Fig. showing graphically the record the two manometers and 
the Venturi meter difference-gauge for part the run made 
August 16th wooden pipe. Four observations the series made 
the wooden pipe were taken times falling pressure, giving man- 
ometer records similar that shown Fig. although the latter 
record belongs experiment the steel pipe. 


PROFILE 


ELEVATIONS IN FEET 


28,000 27,500 27,000 26,500 26,000 25,500 25,000 24,500 
HORIZONTAL DISTANCES FEET 


(2) Tabulation Reduced Observations.—From the experiments made 
upon the wooden pipe, observations” resulted. The reduced data 
these observations are given Tables Nos. 5,6 and which 
explanation needed, since they are all respects similar the 
tables showing data observations the steel pipe (Tables Nos. 
and 3). 

The date and period each observation are given Table No. 
will noticed that observations 40, 44, and were made under 
conditions falling pressure. 

(3) General Results.—Table No. shows the observations arranged 
order the values the mean velocity flow, three sets results 
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TABLE No. OBSERVATIONS. 


METER. METER. 
| 
| 
42.5 42.5 | 1.482 
61.3 61.3 | 2.1388 
60.4 | 2.689 
60.1 99.0 
15.3 15.3 .584 
35.2 85.2 1.228 
35.6 1.242 
63.6 2.218 
68.1 79.8 
62.7 102.3 3.568 
19.1 19.1 -666 
88.2 38.2 1.882 
56.7 56.7 1.978 
62.4 104.5 8.645 
61.9 104.0 3.627 
61.6 108.7 
15.6 15.6 -544 
34.9 34.9 1.217 
53.8 1.876 
-130 36.2 54.1 90.3 3.149 


being given the case the steel pipe already discussed. The 
quantities this table (values and loss head per 000 ft.) are 
also represented graphically Figs. 10, and 12. 

These results differ from those found for the steel pipe showing 
well-marked variation and with the velocity flow. 

Fig. shows that increases with the velocity somewhat 
the way usually assumed for smooth cast-iron pipes. The highest 
velocity obtained the experiments was about 3.64 ft. per second. 
The highest velocity, not accompanied fall pressure, was 
about 3.45 ft. per second (observation 34). The four observa- 
tions giving highest velocities are somewhat discrepant, due, prob- 
ably, the difficulty determining accurately the difference between 
the heights manometer columns during periods decreasing 
pressure. 
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TABLE No. OBSERVATIONS. 


REDUCED CENT. BETWEEN Loss 
Upper. Lower. |Difference. (Feet.) (Feet.) 
2710 3.474 7.364 3.890 3.894 004 0201 
2710 8.151 7.003 8.852 3.894 042 -211 
2710 2.882 6.710 3.828 3.884 066 
2710 2.434 6.225 3.791 108 1.401 
2710 3.496 3.886 3.894 008 
37..| 2710 3.443 7.318 3.875 8.894 -019 -258 - 0952 
2710 3.116 6.963 3.847 3.894 
39..| 2710 | 2.833 6.655 3.822 3.884 O72 -979 -861 
2710 3.781 3.894 113 1.537 566 
41..| 2710 | 3.486 7.369 3.883 3.894 011 *150 -0552 
2710 3.417 7.290 3.873 3.894 -021 
2710 3.794 -100 1.360 -501 
47..| 2710 3.492 7.381 3.889 3.894 -005 -068 -0251 
2710 2.628 6.482 3.894 1.224 
7.412 3.894 -000 -000 -000 


RESULTS. 


Excluding observation 30, the experiments the wooden pipe are 
more accordant than those the steel pipe. This is, doubtless, due 
the fact that the most important source error the steel pipe 
experiments was absent the later series. 

The greatest pressure which either manometer was subjected 
this series was due toa head about 101 ft., against 462 ft. the 
former series. Under this lower pressure difficulty was experienced 
securing tight joints, and leakage mercury did not occur. Thelong 
connecting pipe between the manometer and the main pipe (which was 
necessary the lower end the steel pipe) was also avoided, thus 
diminishing the difficulty eliminating air. The temperature con- 
ditions were, the whole, favorable the second series the 
first; for although neither manometer was furnished with water 
jacket, the upper one was very completely sheltered from temperature 
changes, while the lower was not seriously exposed. The fact that 
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TABLE No. RESULTS. 


a 


Value 


Mean velocity Loss head per Value formula 
No. main pipe. 000 ft. 
(Feet per second.) (Feet.) 

148 
1,217 101 
1,242 0952 104 
1.332 106 
1,482 115 
1.876 114 
111 
2.188 120 
117 
2.536 119 
2.689 120 
2.783 119 
121 
124 
3.627 126 
3.645 123 


both columns were much shorter also rendered the temperature cor- 
rection less important. 


Known Data REGARDING THE PIPEs. 


Besides the foregoing results, the authors know only the follow- 
ing experimental data regarding the carrying capacity wooden stave 
pipe. 

Astoria, Oregon, Water-Works. This same experiment that 
already described connection with the discussion steel pipes 
(No. Table No. The loss head 188 ft. 18-in. stave pipe 
was measured means open stand-pipes. The discharge was de- 
termined measuring the rise the reservoir surface test 
eighteen hours. The value was 132.9 for 3.605. The Kutter 
coefficient roughness was about Am. Soc. E., Vol. 
26. 

account the 30-in. stave pipe the Denver water-works 
James Schuyler, Am. Soc. E., stated that gaugings 
were made measuring the rise the reservoir surface known 
time, and also measurement the velocity current meter. 
result said that applying Kutter’s formula wood pipe, 


35. 
48. 
36. 
38. 
50. 
38. 
39. 
51. 
40. 
46. 
45. 
44, 


349 


MARX, WING AND HOSKINS FLOW WATER. 


350 MARX, WING AND HOSKINS FLOW WATER. [Papers. 


low coefficient 0.0096 can used.” This value would 
give values probably between 140 and 150, depending upon the 
hydraulic slope, which not Trans. Am. Soc. E., Vol. 
xxxi, 

Fred. Gutelius, E., states that the design the 24-in. 
stave pipe the Butte City (Montana) Water Company, the value 
was taken 0.010, and that the correctness this value was justi- 
fied test. The particulars the test are not given, but this value 
would give values probably between 120 and 130, depending 
upon the hydraulic slope. Journal the Association Engineering 
Societies, Vol. xii, 219. 

According Hamilton Smith,* for circular pipe having quite 
smooth interior surfaces, and sharp bends,” the value increases 
with the diameter and also with the velocity. Following are the 
values given him for diameter ft. and for velocities ft. per 
second, with the corresponding values derived from the experiments 
the Ogden pipe the authors. 


Smith’s table. Ogden experiments. 
131.8 
138.0 115 
142.3 122 
145.5 126 


will seen that, while the two series agree showing in- 
crease with the velocity, the experimental values are decidedly 
lower than those given Smith’s table. 

this connection may noted that the experiments described 
Desmond Am. Soc. clean cast-iron pipe 
ins. diameter, show fair agreement with Smith’s tables re- 
gards the general law connecting and but give values higher 
than Smith’s for velocities less than ft. per second. the other 
hand, 48-in. pipe, with surface much tuberculated, showed very dif- 
ferent series values there being little variation with 
except for low velocities, and the variation being decrease with 
increasing velocity. The values for tuberculated pipe were not 


Trans. Am. Soc. vol. xxxv., 241. 
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greatly different from the values for large riveted pipe given Table 
No. 

that the experiments the wooden pipe herein described give values 
ranging from 0.012 0.015, average value being perhaps 0.013. 
The difference between this value and those given for the Denver and 
Butte City conduit can hardly attributed the greater roughness 
ofthe Ogden pipe. Itis rather supposed that the Kutter formula 
defective. 


IV.—OBSERVATIONS VENTURI METERS. 


The Venturi meters being the only means available for measuring 
the rate discharge the pipe, test could made the cor- 
rectness their indications, for the determination values the 
coefficient used with them. already stated, the authors as- 
sumed the correctness the coefficients furnished the manu- 
facturers. 

matter some importance, both theoretically and practically, 
the loss head caused friction, and the contraction and ex- 
pansion the stream within the meter. The values this loss for 
different values the rate discharge were fairly well determined 
within the range the experiments. 


Loss Head Meters. 


The results the observations loss head the meters have 
been tabulated for the two meters ‘separately, Table No. referring 
the south meter, and Table the north meter. each case 
the observations have been arranged the order increasing values 
the rate discharge. These tables show values head 
Venturi,” loss head meter, and rate discharge meter, for 
each observation. The values column are found taking the 
difference between the readings the mercury columns communicat- 
ing with the throat and up-stream sections the meter; while the 
values column are found the same way from the up-stream and 
down-stream sections. The columns and are found from 
being the specific gravity mercury. The values columns and 
are repeated from Tables Nos. and 
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HEAD VENTURI. Loss HEAD METER. 

Rate 

Equivalent Equivalent feet 

ing. (Feet.) ing. 

| 
.321 4.04 .048 61 56.7 
.363 4.57 .055 69 60.1 


meter” are plotted, for each meter separately, Figs. and 14. The 
irregularities shown the diagrams are doubtless due chiefly the 
presence dirt the top the down-stream mercury column, al- 
ready explained. spite these irregularities the results show 
quite satisfactorily the relation between loss head and head Ven- 
turi. This relation, within the range the observations, well rep- 
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Observation 
No. 
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5 6 
HEAD VENTURI. Loss HEAD METER. 
No. water column. water column.| second. 
-021 -26 -002 -08 14.1 
-086 1.08 -009 li 29.6 
-090 1.13 -O11 14 30.3 
-090 1.13 -014 18 30.3 
-093 1.17 -016 20 30.9 
1.40 -014 18 33.7 
.130 1.64 -016 -20 36.2 
2.19 -028 42.1 
-3238 4.07 -050 -63 57.0 
-400 5.04 -060 | -76 63.1 


resented straight line. other words, the loss head the 
meter appears directly proportional head Venturi. The 
loss head thus appears vary nearly the square the velocity 
flow through the meter. 

denotes head Venturi and loss head meter, the 
above relation expressed the equation where ais con- 
stant. The value 0.149 for each meter agrees well with the ex- 
perimental data. 

The relation between loss head meter and rate discharge, 
for the Ogden meters, using the relation 0.149H, shown 
the curve Fig. 15. 

The experience the authors these tests has convinced them 
the great value the Venturi meter experimental work, requiring 


q 
§ 
4 
if 
‘ 
4 
4 
| 
q 
q § 
4 
| 
q 


356 MARX, WING AND HOSKINS FLOW WATER. [Papers. 


120 


110 


LOSS HEAD METER 
FOR 
VARYING DISCHARGE 
100 


DISCHARGE CU. FT. PER SEC. 


15. 


| | 
was 

| 

| 


£1iG, 


MARX, WING AND HOSKINS FLOW 


the measurement the rate discharge pipes. other 
method would have been possible collect much data, all com- 
parable accuracy with that obtained these experiments without 
months labor. Moreover, the sensitiveness the difference-gauge 
slight changes the rate discharge shows that the meter 
capable giving measurements great precision. perhaps not 
too much say, that, except for very small quantities, the Venturi 
meter furnishes the most precise all methods measuring the rate 
discharge, provided the values the coefficient are accurately 

carrying out these experiments the authors were assisted Mr. 
Boggs, E., superintendent the Pioneer Electric Power 
Company; Mr. Hart, assistant superintendent, and Mr. 
Spencer, student civil engineering Stanford University. 
them, for the valuable and efficient the directors 
the Pioneer Electric Power Company, and especially Chief En- 
gineer Bannister, for all courtesies rendered, the authors desire ex- 
press their sincere thanks. 

regard the range the coefficients Venturi meter, the only experimenta 
results known the authors are those Herschel. These results, obtained with meters 
throat velocities belween and second, are not likely differ from unity 
more per cent. (see 115 Experiments,” III, 43). Even with unrated 


meter probable that the results obtained will compare favorably accuracy with 
those obtainable any other method measurement. 
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APPENDIX. 
ATTACHMENT 
Object discussion. 


proposed consider the question whether the height 
piezometer column depends upon the position the point attach- 
ment the pipe and also whether different results will given 
multiple ‘attachment than attachment single point. The dis- 
cussion will refer vertical cross-section horizontal but 
the reasoning will seen apply the transverse section pipe 
having any 


Variation Pressure Cross-Section. 


The pressures different points the same cross-section are un- 
equal, being less near the top the pipe than near the bottom. 
the particles water all moved straight lines parallel the axis 
the pipe, the law variation pressure with depth would the 
same for water rest. Any variation from this law must due 
the fact that particles are deflected from the straight axial direc- 
tion other words, the fact that some the particles water 
passing given section any instant are being accelerated vertically. 
such the case, the distribution the vertical components ac- 
celeration throughout the cross-section will continually vary that 
not only will the law variation pressure with depth differ from 
the hydrostatic law, but the actual pressure any given point will 
vary. Therefore, any case which piezometer found give 
results which fluctuate but slightly, may concluded that the 
sinuosities the motions the particles water have important 
effect upon the law variation pressure the cross-section. Ex- 
perience bears out the supposition that this condition satisfied 
when steady flow has been maintained for some time straight pipe 
uniform cross-section. The following discussion will therefore 
proceed the assumption that the pressure any cross-section 
varies with the depth according the hydrostatic law. 


Case Open-Topped Piezometer. 


the pressure throughout cross-section exceeds that the at- 
mosphere, and open tubes are attached two points, and 
(Fig. 16), evident that water will rise the same level both. 
For since the pressure exceeds that amount equiva- 
lent the height above the corresponding pressure 
columns must differ height the same amount fact, the 
pressure any two points the same level the two pipes 
must equal. 

the pressure the top either column less than atmos- 
pheric, that column will stand correspondingly higher but the sur- 
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faces and will the same level long they are subject 
equal pressures. 


Case Vacuum Gauge. 


case the pressure throughout the cross-section the pipe 
becomes less than one atmosphere, the open piezometer becomes in- 
applicable. however, instructive consider what will happen 
if, with open tubes attached Fig. 16, the pressure within the 


! 


' 


16. 17. 


pipe gradually diminishes. The surfaces and will fall equally 
until the pressure within the pipe the level becomes just one at- 
mosphere, the surface then standing level with The press- 
ure any point lower than still greater than one atmosphere. 
Let the pressure the pipe diminish still further until there just 
one atmosphere pressure some level between and press- 
ures less than one atmosphere existing all points higher than 
and greater than one atmosphere all points lower. The surface 
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will fall level with while air will drawn into the 
pipe. the level atmospheric pressure falls below air will also 
enter 

Suppose next that the tubes attached and are arranged 
shown Fig. 17, both tubes dipping into reservoir whose surface 
under atmospheric pressure, the pressure within the pipe being less 
than atmospheric all parts the cross-section. first let air 
admitted the tubes through the valves which are then closed. 
long air enters freely, the tubes act the same way the open 
tubes Fig. 16. The pressure within the piezometer tubes being 
greater than that within the pipe, air enters the pipe from both tubes. 
Afterthe valves Vare closed, the withdrawal air causes decrease 
pressure each tube, and water rises from the reservoir height 
which, for each tube, represents the difference between the pressure 
within the tube and that the atmosphere the surface the res- 
ervoir. Air will continue enter the pipe long the pressure 
within the tube exceeds the water pressure condition 
equilibrium will finally reached which the pressure throughout 
the air the tube equal the water pressure and thesurface 
stands height above the reservoir surface representing the excess 
atmospheric pressure above the pressure within the space 
like condition will reached the other tube, but since the pressure- 

size, water will stand the tube tothe level the top the 
opening. Thus, suppose the exhaustion the air within the tube 
has proceeded until the air pressure the tube greater than the 
water pressure the top the opening and less than that the bot- 
tom; air will enter the top, and water will flow out the bottom, 
condition equilibrium being reached only when part the stream 
the main pipe flowing past the orifice contact with air. Simi- 
larly, water will stand the other tube the level the top 
the opening 

thus appears that makes difference what point the 
cross-section the piezometer attached, provided the indicated press- 
ure referred the proper level. the apparatus attached and 
operated the manner above described, the piezometer reading 
each case gives the pressure within the pipe points which are 
level with the top the orifice leading from the pipe the piezome- 
ter tube. 

If, after the condition equilibrium above described has been 
reached, the pressure within the pipe increases, but still remains less 
than that the atmosphere, water will rise the tubes and 
the surfaces and the same time falling. condition 
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equilibrium will ensue which the height the column exceeds 
that the column above amount equivalent the difference 
between atmospheric pressure and the pressure with similar 
condition affairs the tube attached case both 
columns the same piezometer tube must observed order that 
the pressure given level the main pipe may known. 

further case considered that which some part the 
piezometer tube lower than the opening into the pipe, Fig. 
17, the pressure within the pipe being supposed less than one 
atmosphere. tube first filled with air under atmospheric 
pressure, air will enter the pipe until the pressure within the tube 
falls the value the water pressure the bottom the opening. 
the air pressure becomes less than this value, water will flow 
into the tube through the lower part the orifice, collecting the 
lowest part the tube until its cross-section entirely filled. Water 
will continue flow into the tube the bottom the orifice, and air 
enter the pipe the top, until air remains contact with the 
water flowing past the orifice the main pipe. condition equili- 
brium will finally reached which water fills the tube from 
some point This point will high enough that the lowest 
cross-section the tube completely filled, but its exact height can- 
not predicted. The height the column will measure the 
amount which atmospheric pressure exceeds the pressure within the 
pipe the level 

Consider next the case single piezometer communicating with 
the given cross-section the pipe two points, and Fig. 
17, the pressure every point the cross-section being less than that 
the atmosphere. before, let the valve first open and then 
closed. While open, air will enter the pipe and After 
closed air will continue enter the pipe long the pressure 
within the tube exceeds the water pressure, either 
the same time water will rise from the reservoir height measur- 
ing the amount which the pressure within the tube less than one 
atmosphere. When the pressure within the tube becomes less than 
that the pipe the lower portion the opening C’, air will cease 
enter this part the opening, and water will flow into the tube. 
the top the opening air will still enter until the air pressure falls 
below the water pressure that point; after which water will flow out 
through the entire opening. Air will continue enter the pipe A’, 
and the air pressure the tube decrease. When the pressure 
the tube equal the water pressure some point between 
and C’, water tends stand the tube the height D,; condition 
Finally the pressure the tube will reach the value the water 

pressure the highest point the orifice air will cease enter 
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the main pipe, and water will stand both branches the tube the 
level The air pressure the tube now equal the pressure 
the water the level and less than atmospheric pressure 
amount equivalent the water column 


Summary Results. 


The conclusions drawn from the foregoing discussion may 
summarized follows: 

(1) When the pressure the given cross-section the pipe every- 
where exceeds that the atmosphere, open piezometer will stand 
the same height whatever point the cross-section attached, 
and whether communicates with the pipe one point several. 

(2) piezometer used, the pressure the point 
attachment being less than that the atmosphere, the pressure any 
level the pipe can inferred the water surfaces both branches 
the piezometer are known. The pressure within the main pipe, 
all points level with the surface the column the branch 
the piezometer tube adjacent the pipe, has value 
measured the height the column the other branch above 
the open reservoir. 

(3) case vacuum piezometer connected with the pipe more 
than one point the same cross-section, water will stand the same 
level all the connecting tubes. 

(4) case vacuum piezometer, air freely admitted the 
tube before the observation, the pressure within the main pipe remain- 
ing constant, water will rise the connecting tubes, whether one 
several, the level the highest point communication with the 
pipe.* 

The authors have not been able subject these conclusions the 
test experiment. They are, however, conformity with the results 
noticed and discussed For measuring pressures the 
throat Venturi meter employed vacuum piezometer communi- 
cating with the throat several points, the several branch tubes being 
furnished with valves, that communication could opened through 
any one more them pleasure. From the working the piezo- 


meter with different combinations tubes open, Herschel concludes 
that: 


Venturi must, all cases, pierced for connection with the 
air chamber vertically its crown, and may pierced radially 
many additional points please, without affecting the reading 


the standard crown orifice.” 

The foregoing theory suggests reason for the conclusion that the 
pipe must pierced the highest point the cross-section; but 
Unless the tube leading this point runs below the level the opening into the 
Trans. Am. Soc. E., Vol. xvii, pp. 248, 250, 251. 
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Herschel’s conclusion otherwise strict conformity with the prin- 
ciples reached above, and summarized the paragraphs numbered (3) 
and (4). These principles are not fully tested the experiments re- 
corded, since every case bearing upon the point under discussion 
one the open passages was the one the top the cross-section. 

For the case pressures greater than atmospheric, Herschel’s ex- 
periments October, 1887,* furnish several instances conformity 
with the conclusion above drawn and stated paragraph (1). This 
is, fact, the conclusion reached Herschel. the experiments 
the authors Ogden pressures less than atmospheric had 
measured. 

The foregoing discussion has not referred the effect air carried 
the water and collecting the piezometer tube. Attachment 
the piezometer the top the pipe probably gives greater liability 
trouble from this source than attachment lower point; but 
all cases means must provided for getting rid whatever air may 
collect. 


Trans. Soc. E., Vol. xvii, 250. 
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INTRODUCTORY. 


From the date the first introduction railways, was for many 
years the custom, the design bridge, treat the Moving 
Load the train precisely the same manner the Fixed Load 
the structure itself. The load due the weight the train was sim- 
ply added the load due the weight the structure (with floor- 
ing, ballast, permanent-way, etc.), and the section iron used 
calculated for working stress about one-fourth the assumed 
breaking stress. This, for wrought iron tension, allowed nominal 
unit stress tons per square inch. 

Later on, text-books, dealing theoretically with the subject, taught 
that the effect produced Live Load was just double that produced 
Dead Load, and recommended that the two kinds load should 
treated separately; factor safety being used with the former 
and with the latter. Taking the breaking stress wrought iron 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
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tension tons per square inch,* the safe working stress per 
square inch was given as— 

was not recognized that the theoretical Load,” 
which these considerations were based, was one which was never dealt 
with practice, and was, moreover, essentially different its action 
and mode application from that due locomotive speed. Still 
this system showed great advance what had gone before, and had 
the effect directing attention the matter. The result was that, 
although engineers generally regarded this theoretical rule 
which would not prudent work fully practice, became 
common limit the stress tension bars tons per square inch 
for live load, and was generally acknowledged that for dead load the 
stress per square inch tension might safely taken The 
Board Trade limit tons, however, precluded any improvement 
the latter direction. 

This may regarded the first recognition the principle that 
Moving Load may equated with Fixed Load the use suitable 
but this stage the coefficient was supposed always 
the same, irrespective the relative amounts the two kinds load 
dealt with. 

wrought-iron bridges large span became more common, en- 
gineers grew familiar with the fact that, with the comparatively 
great mass metal large-span bridge, the effect train rela- 
tively less than with small-span bridge. view this fact be- 
came usual the practice some the leading bridge engineers 
adopt scale which the unit stress allowed was made vary with 
the span. was thus acknowledged that the effect Moving Load 
compared with Fixed Load was not always the same, but became rela- 
tively less the proportion Fixed Load Moving Load became 
greater. 

The principle graduating apportioning the unit stress the 


relative amount Moving Load work done soon became gener- 


the purposes this paper assumed that the static breaking stress per 
square inch, for material for bridge girders, may taken tons for 
wrought iron and tons for steel. so, that the safe working stress may taken 
one-third the breaking stress. Hence, for entirely static fixed load, the figures 
adopted are follows: 

Iron. Steel. 
Breaking stress tons per square 21.00 27.00 
Safe working stress tons per square inch............... 7.00 9.00 
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ally recognized; and America the application this principle 
practical purposes received the most careful study many the 
bridge engineers ofthat country. Under the special allotment system, 
developed American engineers, the members bridge truss are 
grouped classified according the relative amount Moving Load 
work they have bear, depending the span the bridge and the 
position the member the truss, group then assigned 
percentage which the nominal stress (treated static) 
increased obtain the equivalent effective working stress; the per- 
missible stress per unit area remaining constant. more recent 
specifications similar results are obtained using the nominal stress 
(treated static), and allotting each group different permissible 
stress per unit area. 

Meantime the results the magnificent series experiments 
Wohler and Bauschinger had been ably dealt with Launhardt, Wey- 
rauch, Gerber and others, and bridge engineers began consider the 
cumulative effect frequent repetitions the Moving Load. 

Thus, while forty years ago ton Moving Load received more 
consideration than ton Fixed Load, its disposal now recognized 
involving very complex considerations. found that for any 
member bridge the immediate effect the application ton 
Moving Load always greater than that produced ton Fixed 
Load, and that the degree percentage which greater varies 
for different ratios Moving Load Fixed Load. Similarly, that for 
repeated loading and unloading, the ultimate cumulative effect, any 
member bridge, ton Moving Load, always greater than 
the immediate effect, and that the degree percentage which 
greater varies for different ratios the initial stress Fixed Load. 


Definitions.—The terms Dead Load” and Load” have 
already been appropriated certain definite sense the 
and this sense have special relative value, the effect Live Load 
being exactly double that due Dead Load. sake distinc- 
tion therefore this paper the terms Fixed Load” and Moving 
Load” will used with meanings respectively follows: 

Load.—By this term understood load which may for 
practical purposes considered absolutely constant, subject 
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movement, vibration variation. The self-supported weight the 
structure itself thus throughout this paper treated Fixed Load 
and also any other load supported the structure stationary 
which generally remains position and not frequently applied 
Thus, for example, the weight the girders bridge 
would treated Fixed Load, would also the ballast, sleepers, 
permanent-way, etc.* 

Moving Load.—By this term understood load which sub- 
ject variation which frequently applied and removed. The 
effect the violence vibration with which the application the 
load accompanied considered enhancement the effect due 
the mere weight the load. Thus dead engine, pulled over 
bridge rope from crab winch beyond, would treated Mov- 
ing Load; the same locomotive traversing the bridge full speed 
would considered having enhanced effect due the violence 
and vibration with which its application was accompanied. 

The Live the Text-Books.—In the case girder, the 
Live Load” the text-books would mean load suddenly applied 
vertical direction, but without impact. This might represented 
load just touching the upper surface the girder, but having its 
weight entirely supported Ifthat cord were instantaneously 
severed, the load would then act Live Load the ordinary text- 
book meaning the term. The same load, unsupported the cord, 
and having its whole weight resting the girder without vibration, 
would represent Dead Load.” 

can easily shown that the effect the girder the Live 
the text-books theoretically double the effect the cor- 
responding Dead Load.” 

Live Load Contrasted with Train writers who apply 
the theoretical Live the text-books the solution 
this problem, assume that the effect produced the train traversing 
the bridge horizontal direction may taken the dynamic 
equivalent load suddenly applied vertical direction; and that 
the faster the engine more nearly does become Live 
Load,” the text-book meaning the term. 

will, however, evident consideration that these two modes 


applying the stress are every respect essentially different. 


For the purpose experiment the relative effect Fixed Load and Moving 
Load, engine standing bridge considered Fixed Load, the same engine 
traversing the bridge full speed being taken Moving Load. 
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the case the Live Load the text-books load applied ver- 
tically the steady action gravity, while the case the Moving 
Load railway bridge there locomotive engine running 
horizontally means its own self-developed power, with all the 
plunging and peculiar vibration contingent the special con- 
struction the machine, the irregularities the permanent-way, 
and the the girders. 

engine standing rest bridge certainly ‘‘Dead Load” 
the ordinary text-book meaning the term; but when that engine 
begins move, the effect the bridge, due gravity, reduced 
instead being increased. the effects vibration and deflection 
neglected, and the engine supposed run with absolute 
smoothness, clear that the faster the engine moves horizon- 
tal direction, the less will its effect vertical direction, and that 
the speed became infinite the effect due gravity would become 
nothing. 

The only way which train passing bridge horizon- 
tal direction could made approximately represent load sud- 
denly applied vertical direction would cause the train 
run great speed the bridge and stop suddenly the 
middle. 

further noted that whereas the ‘‘Live the 
text-book rule means load suddenly applied, but without shock 
violence, the Moving Load locomotive differs essentially there- 
from; its effect being less one hand, that not suddenly 
applied, while greater the other hand, that its application 
always accompanied certain amount vibration, which 
some cases great violence. 

evident, therefore, that consideration the Live 
the text-books will not help any way toward knowledge the 
effect produced bridge the Moving Load locomotive. The 
two kinds load are essentially different their nature and their 
mode application; the effect produced the locomotive may 
greater than that the theoretical ‘‘Live Load,” may less, 
and should any case found experiment the same, this 
can only regarded coincidence. 

Two-Fold Effect Moving Load.—When locomotive full speed 
traverses bridge, there immediate measurable effect produced, 
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which greater than that due the same load rest. This im- 
mediate extra effect due the sudden and violent manner which 
the load applied, the result being increased deflection the 
structure whole, accompanied general jarring and vibration, 
which especially noticeable the smaller and lighter members. 

has, moreover, been established, the experiments Wohler, 
Bauschinger and others, that the immediate effect the Moving Load 
means the whole effect, but that frequent repetitions stress 
have cumulative effect the structure, very great importance; 
and has been ascertained that bar subjected stress, repeatedly 
applied and removed, will ultimately break with load very much 
less than would have borne for few applications only. 

Thus there are two distinct effects the Moving Load take 
into account, and appears necessary draw special attention 
this point, one which often lost sight of, even good 
authorities. 

one hand sometimes found that the Cumulative 
Effect ignored, and argued that large-span bridge the 
effect the Moving Load practically greater than that the 
same weight Fixed Load, because the observed extra deflection 
but trifling. the other hand frequently found that the 
mediate Effect ignored, and the deductions from experi- 
ments Launhardt, Weyrauch and others are discussed cumu- 
lative effect were the only matter for consideration. 

determine coefficient for the Moving Load study 
cumulative effect alone would assume the effect bridge 
engine traveling sixty miles hour more severe than 
that due the same engine dead hauled over slowly with rope 
from winch beyond the abutment. the other hand determine 
coefficient for the Moving Load study the immediate effect 
alone, would assume the effect bridge engine travers- 
ing the structure indefinite number times greater than 


that produced the engine traversing the structure only once. 

this paper, therefore, the effect the Moving Load will con- 
sidered under two heads, viz.: Immediate Effect—which ob- 
servable every time train passes over the bridge; and (b) Cumula- 
tive Effect—produced course time repeated loading and un- 
loading. 
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The Measure Immediate Effect.—If locomotive run slowly 
bridge and there brought stand, the stresses produced will 
simply those due tothe weight the machine Fixed Load. 
engine now made traverse the bridge speed, 
the immediate effect the extra stress produced indicated 
increased deflection the structure whole, and increased 
elongation shortening members tension compression. 

These effects may measured suitable instruments, and the 
immediate effect produced the locomotive motion can com- 
pared with that produced the mere weight the machine rest. 
Thus, for example, the deflection girder with the engine 
speed found half much again that due the dead 
weight the engine rest, evidently this same extra deflection could 
have been produced with the engine standing the bridge load- 
ing with pig iron until the weight resting its wheels had 
been increased per cent.* ton Moving Load this case 
being found produce the bridge immediate measurable 
effect severe one and half tons Fixed Load, clear that 
for the purpose determining the stresses the actual weight the 
Moving Load would have multiplied coefficient 1.5, 
obtain its equivalent terms Fixed Load. 

Observations India Deflection.—Since the year 1879 deflection 
observations have been regularly made India the Government 
Inspector the bridges each new section railway before 
opened for traffic. These observations are, whenever practicable, 
made with self-recording apparatus, and are conducted uniform 
system under Government rules. The author has made analysis 
all the results thus obtained for ten years, from June, 1882, June, 
1892. This deals with nearly separate observations made 
number different inspecting officers all parts India where rail- 
ways had been constructed during that period, and with every variety 
girder ordinary use, over about 500 miles new railway. Some 
these lines are the ft.-6 in. gauge, others the meter-gauge. 
Some are owned the Government, others companies. 

will seen, therefore, that the results thus obtained represent 
averages, not only considerable number actual observations, 


This, course, depends the assumption that the measurable deflection in- 
creases directly the actual stress. 
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but also for variety different spans and different designs. Fur- 
ther, that the experiments were conducted uniform system and 
under practical conditions number entirely independent ob- 
servers. many cases the original data may have been but 
roughly determined, and the observers did their work 
careless perfunctory manner; but any errors due defective 
observation are likely one side the other, and with the 
large number observations which the averages were taken, and 
the large number different observers who contributed these 
averages, probable that the results obtained fairly represent the 
tendency the actual effects produced under ordinary conditions. 

Collation the collating and arranging these data the 
average all the observations was first taken for each span separately, 
and the results obtained plotted points the diagram. note 
was then made each point show the number observations 
which the position that point depended, and each point succes- 
sion was joined that immediately beyond straight line. 
each straight line obtained mark was made dividing into two 
parts the inverse ratio the numbers its end points. These 
marks thus again averaged the averages previously obtained, the 
ratio their relative importance. will seen, therefore, that 
under this system each point was given votes (as were) proportion 
the number observations represented, and the position 
which the curve was finally drawn was determined accordingly. 
Through the last point, thus obtained experimentally for the greatest 
proportion Fixed Load, the line was continued even curve 
pass through the point all Fixed Load” where the immediate 
effect the Moving Load becomes nothing. The result thus obtained 
illustrated the diagram, Fig. 

Endeavors were made, different systems plotting and 
other ways, discover some law rule which the form the 
curve might determined, but without success. parabola was, 
course, first suggested, but was found quite irreconcilable any rea- 
sonable concessions. The result now presented, therefore, embodies 
theory; merely even curve averaging the actual results 
nearly practicable. 

Results Accepted for Practical what extent the results 

now obtained for girders complete structures apply individual 
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truss members can only determined extended series de- 
tailed experiments individual members girders different types; 
but the law which the effects are governed must the same 
both cases, probable that the scale which the value the 
varies, for different ratios Moving Load Fixed Load, 
will similar character; and the results obtained from the 
deflection the truss, whole, must great extent represent 
the average for all its members, will evident that the error cannot 
any case great importance. 

probable that complete series experiments, carefully con- 
ducted with efficient apparatus, would indicate that each class mem- 
bers triangulated girder has its own proper series coefficients, 
and that another series would apply plate girders. the lines 
representing each these series coefficients were plotted 
diagram, maximum and minimum boundary line could then drawn, 
enclosing strip band within which all the coefficient lines would lie. 

Remembering that herein only the coefficient for immediate effect 
being discussed—that this has combined with the cumulative 
effect obtain the total this total effect for Moving Load 
alone, and that obtain the total effective stress the bar the Fixed 
Load added—remembering, further, that the safe working 
stress bar, due all these effects combined, only one-third 
the ultimate breaking stress for that bar—it will, doubt, agreed 
that the width the strip band, containing the various 
lines, not likely great enough affect any important extent 
the actual dimensions which would given any individual member 
truss result these calculations. Still less would 
likely affect the approximate formula recommended for general use. 

For practical purposes, therefore, and the absence more com- 
plete data, considered that the results the deflection experi- 
ments made India may accepted sufficiently close approxi- 
mation the average immediate effect produced the members 
bridge truss passing train. 

The general results for the immediate effect the Moving Load, 


obtained from these experiments, are Table No. 1*, for different 


*For the purposes this paper assumed that the static breaking stress per 
square inch, for material, ordinarily used for bridge girders, may taken tons for 
wrought iron and tons for steel. Also, that the safe working stress may taken 
one-third the breaking stress. Hence, for entirely static fixed load, the figures 
adopted are follows: 


Iron. Steel. 
Breaking stress tons per square inch................... 21.00 27.00 
Safe working stress tons per square 7.00 9.00 
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conditions loading, from All Moving advancing dif- 
ferences Fixed Load.” These results are also exhibited 


FROM DEFLECTION EXPERIMENTS MADE INDIA. 


IMMEDIATE BREAKING STRESS FOR THE COMPOUND 


Com- Loap. PER INCH. 


Immediate 
AGE. Apportionment the Breaking 
with that Stress. 
Fixed Load. For the Total 
Percentage. Load. 
Fixed Moving Due Fixed Due Moving 
Load. Load. Load. Load. 
2.5 147.40 0.36 14.00 
116.86 2.76 15.61 
20 80 113.06 19,01 | 3.80 15,21 
25 110,27 | 19.50 4.87 14,62 
30 70 108.13 | 19.87 | 5.96 13.91 
33.3 66.7 107.14 } 20.05 | 6.68 18.37 
55 45 103,23 .70 11,38 9.31 
102.63 20.78 12.47 8.31 
66.7 33.3 | 101.96 20.86 13.91 6.95 
20.97 16.77 4.19 
85 15 100.53 20.98 17.84 3.15 
100.30 20.99 18.89 2.10 
95 5 100,13 | 21.00 19.95 | 1.05 
100 100.00 21,00 21.00 
| 


CuMULATIVE EFFECT THE Movine Loap. 


The celebrated experiments Wohler, followed further obser- 
vations the same direction Spangenberg, Bauschinger and 
Baker, have furnished engineers with mass data regarding the 
cumulative effect produced structure repeated loading and 
unloading. 

The experiments, must remembered, were conducted with ap- 
paratus specially arranged apply and remove the load steady 
and uniform manner, the effect shocks and the violent jarring and 
hammering action, which observed when locomotive traverses 
bridge speed, being entirely eliminated. The results these ex- 
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periments cumulative effect are, therefore, exactly what required 
supplement the observations immediate effect. 

The general results are familiar all engineers who have inter- 
ested themselves the subject, and are briefly follows: 


Let The greatest stress the bar will bear under static 
load. Condition Fixed Load.” 
Statical breaking strength. 

The greatest stress which the bar will bear in- 
definite number repetitions with the load applied 
and removed. Condition All Moving Load.” 

(Ursprungsfestigkeit, Primitive strength. 

The greatest stress which the bar will bear in- 
definite number alternations. Theload produc- 
ing tension and compression alternately; the 
stresses being equal, but opposite directions. 

The actual stress under which the bar breaks—some- 
times called the Working Strength the bar. 
Ultimate working strength. 

Min. The least stress which the bar subjected. 
Max. The greatest stress which the bar subjected. 
This expression also represents the ratio 
initial stress Fixed Load the Total Load. 
For example, compound load made 
one-fourth Fixed Load and three-fourths Moving 
Load, the value will .25. 


Moving Load applied and removed indefinite 
number times, and alternating from zero certain fixed quantity, 
bar will ultimately break with load considerably less than that 
which would have been able bear Fixed Load. other words, 
always considerably less than The ratio found vary 
with different materials, and some the experiments show great dis- 
crepancies but, general way, the difference be- 
tween and greater steel with comparatively large percentage 
carbon and high static breaking stress, and less with mild steel 
having lower static breaking stress. With wrought iron, moreover, 
generally less than with mild steel. 
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The actual relative value compared with may taken 
roughly varying from for wrought iron down for 
tool steel. 

Secoad.—With stress alternating from positive amount, 
equal negative amount, the bar will ultimately break 
about 

certain initial stress Fixed Load (Min. anda 
certain Moving Load added and removed (causing the total stress 
vary loading and unloading from Min. Max. the stress 
the bar becomes compound, being partly due Fixed Load 
and partly due Moving Load. Under these conditions, the total 
stress under which the bar ultimately breaks will vary with the ratio 
percentage Fixed Load Moving Load. 

The extreme limits are: one side All Fixed Load,” when 

and the other side, All Moving Load,” when 
Range, Min. Sto Max. 

Between these limits the value for any ratio Fixed Load 
Moving Load can determined means Gerber’s 
the use Launhardt’s formula.* 

Gerber’s Parabola.—The range stress which bar will bear for 
indefinite number repetitions the load applied and removed 
having been determined Wohler’s experiments for different con- 
ditions loading, was found Gerber that the ranges stress 
plotted ordinates, and the corresponding minimum stresses 
the points would fall approximately parabolic curve. 

Let The range stress, e., Max. Min. 
The greatest stress the bar will bear under static load. 
constant for the material. 
Then Gerber’s equation may written thus 
(Min. 

The ultimate static breaking stress for wrought iron, ordinarily 
used for bridge girders, may taken tons per squareinch. For 
iron this quality, the Wohler’s experiments show that the 


For account other methods dealing with the subject, which have been pro- 

sed Schiffer, Winkler, Cain, Smith, Ritter, Lippold, and 

lericetti, with tabular comparisons results, see the paper Weyrauch published 


The upper sign taken where the stresses are the same kind and the lower, 
different kinds e., ranging between tension and compression). 
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greatest stress which the bar will bear indefinite number repe- 
titions, with the load applied and removed, will about tons, 
about two-thirds the ultimate static breaking stress. The corre- 

The general results for cumulative effect the Load, 
obtained the use Parabola for wrought iron, are given 
Table No. for different conditions loading from All Moving 
Load,” when 

advancing ditferences All Fixed Load,” when, 


ULTIMATE BREAKING STRESS FOR THE COMPOUND 


Nature Loap. Tons PER INCH. 
Load compared Apportionment the Breaking 
Fixed Moving Due Fixed Due Moving 
0 100 150,00 | 14,00 0.00 | 14,00 
5 | 148.00 14,42 18.70 
1 8S 144,00 15.28 2.29 12.99 
142 15.72 3.14 2.57 
| 140,06 16,15 | 4.04 12.11 
30 | mu 188,12 16.58 4.97 11.60 
3.3 66.7 136.85 16.86 5.62 11,24 
33 | 65 136.2 17.00 5.9 11.05 
45 Ha) 182.57 17.81 8.01 9,80 
50 50 130,81 18,20 9.10 9.10 
Head 45 129.12 18.57 | 10,2 8.36 
65 33 25.91 19,25 12,52 6.74 
66.7 33.3 25.40 19.36 12,91 6.45 
vil) 30 124.40 19.57 18,70 5.87 
80 20 121.58 | 20.13 16,11 4.08 
120.26 20.38 3.06 
119.00 20.61 18.55 2.06 
% 5 117.81 | 20.81 | 19.77 1.04 
100 116.67 21.00 21.00 0.00 


Formula.—The formula proposed Launhardt ex- 
press the results claimed Wohler’s experiments follows: 
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will observed that the results obtained the use Laun- 
hardt’s formula plotted the same system that adopted 
Gerber, the curve obtained will also parabola. 

Taking the data for wrought iron before (see under Gerber’s 
parabola) there results: 

For entirely static load (i. e., All Fixed Load) 21; 


For load alternating from zero maximum (i. All Moving 
Load) 14. 


represented the symbol then, for wrought 


iron, Launhardt’s formula may written thus: 
(1+ 

The general results for the cumulative effect the Moving Load, 
obtained the use Launhardt’s formula for wrought iron, are 
given Table No. for different conditions loading from All 
Moving Load,” when: 

advancing differences All Fixed Load,” when: 


THE Movine Loap. 


Definition Total total extra effect produced the 
Moving Load, compared with that due the same weight Fixed 
Load, may taken that which would produced indefinite 
number repetitions the immediate effect. other words, the 
total effect which the bridge should designed bear with safety 
the ultimate cumulative effect the immediate effect. 

Method Calculation.—Let assumed, for example, that 
certain member bridge girder has designed bear com- 
pound load, which 10% due Fixed Load, and 90% due 
Moving Load, giving ratio of— 

fixed 
moving 
and that the actual amount the Moving Load 100 tons. 

This 100 tons Moving Load is, owing the violence with which 
applied, found experiment (see Table No. produce 
immediate effect severe that which would produced 122.63 
tons applied quietly. 


Min 
| 
i 
| 
7 


STONE WORKING STRESS FOR RAILWAY BRIDGES. 379 


TABLE No. Errect Loap. 
FROM WOHLER’S EXPERIMENTS LAUNHARDT’S FORMULA. 


ULTIMATE BREAKING STRESS FOR THE COMPOUND 


POUND Cumulative 
AGE. Load compared Apportionment the Breaking 
with that Stress. 
__| Fixed Load. For the Total 
Percentage. Load. 
Fixed Moving Due Due 
Load. Load. Fixed Load. Moving Load. 
100 150.00 14.00 14.00 
2.5 97.5 149.38 14,18 0.35 
146.51 15.05 2.26 12.79 
143.48 16.10 4.83 11.27 
33.3 66.7 142.86 5.44 10.89 
142.55 16°45 5.7 
141.67 16.80 6.72 10.08 
17.85 9.82 8.03 
187.7 18.55 12.06 6.49 
66.7 18.67 12.44 
137.04 18.90 5.67 
19.25 14.44 4.81 
135.71 19.60 15.68 3.92 
19.95 16.96 2.99 
133.90 20.65 19.62 
100 21.00 21.00 0.00 
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Having found the enhancement stress due the violence with 
which the load applied, the cumulative effect will evidently that 
due indefinite number repetitions this enhanced stress. 
For cumulative effect, therefore, the load which applied and 
removed from the member every time the train traverses the bridge 
must taken 122.63 tons (instead 100 tons). The Fixed Load, 
however, remains before. 

Hence, for the purpose determining the cumulative effect, the 


ratio— 


moving 
will changed, the Moving Load being increased 22.63%, and 
the ratio will 
fixed 
110.367 moving 
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8.308 fixed 
91.692 moving 
The coefficient for ultimate cumulative effect, applicable this 
ratio Parabola, 1.467. This coefficient applied 
122.63 tons (not 100 tons) and— 


122.63 1.467 179.9 tons. 
Launhardt’s formula the results would be: 
122.63 1.480 181.5 tons. 
Mode Application—Hence with ratio of— 
fixed 
moving 
Moving Load 100 tons applied and removed indefinite number 
times would produce total effect (the cumulative effect the 
immediate effect) equivalent about 180 tons fixed load. 
other words, with this ratio, obtain the equivalent the Moving 
Load terms Fixed Load, the coefficient would 1.8; and, 
determine the dimensions the member, the Moving Load may 
multiplied 1.8, the result added the actual Fixed Load, and, for 
the purposes calculation, the total obtained used All Fixed 
Load.” 

Statement general results for the total effect the 
Moving Load (i. the ultimate cumulative effect the immediate 
effect) for wrought iron are given Table No. for different com- 
binations loading, from Moving Load,” advancing 
differences, All Fixed Load.” The total effect here given 
calculated explained above, the cumulative effect used for cal- 
culation being taken the mean between the results obtained the 
use Gerber’s Parabola and those obtained the use Laun- 


hardt’s formula. These results are also exhibited graphic form 
Fig. 


APPLIED PRACTICE. 


Results Experiment.—For wrought iron, the actual effects for 
Compound Load, determined experiment, for different combina- 
tions Fixed Load and Moving Load, are shown Table No. 

will remembered that these figures represent the combined 
results for immediate effect and for cumulative effect, and that for im- 
mediate effect the curve was not plotted any rule, but was merely 
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CuMULATIVE EFFECT THE IMMEDIATE EFFECT. 


BREAKING STRESS FOR THE COMPOUND 


Loap. Total effect 
RATIO PERCENT- Moving Load 
compared with Apportionment the Breaking 
oad. 
Load. Load. Fixed Load. Moving Load. 
10.82 
180.68 12.17 1,22 10.95 
170.42 1.97 11.17 
163.16 13.95 2.79 11,16 
157.44 14.68 11.01 
152.75 15.34 4.60 10.74 
33.3 66.7 150.30 15.73 5.24 10.48 
5.9 16.46 6.59 
50 50 140.90 17.43 | 8.72 8.72 
55 45 138.70 17.89 | 9.84 8.05 
12.17 
19.82 15.86 3.96 
20.45 18.40 2,04 
100 125.00 21.00 21.00 0.00 


drawn evenly, average, nearly practicable, the actual values 
obtained experiment. The corresponding curve has, therefore, 
equation, and the results can only utilized reference the 
table itself. 

This process would, however, not specially troublesome, as, 
practice, corresponding table diagram would used facilitate 
computations made any modern system, based ordinary 
formula, such that Launhardt. would, either case, merely 
necessary ascertain the percentage ratios Moving Load Fixed 
Load, and take the corresponding figures from the table diagram. 

is, nevertheless, certainly desirable have simple rule easily 
remembered formula, and the following are accordingly offered for 
consideration, giving results sufficiently near those obtained 
experiment, and being, the same time, easy application. The 
effect each these systems, for wrought iron, exhibited graph- 
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ically Figs. and for comparison with one another and with the 
results experiment. The curve representing the results experi- 
ment is, for distinction, called the Standard Curve.”’ 

General Principles.—It assumed established, that, for any Com- 
pound Load, the variation the breaking stress per unit area 
depends the range stress; that say, the relative amount 
Moving Load the Compound Total Load. assist the inves- 
tigation this subject, and enable different systems properly 
compared, will, therefore, convenient adopt symbol which 
will directly represent the range. For stresses all the same 
direction (i. e., all tension all compression): Range stress 
Moving Load Max. Min. 


Moving Load Range 
Moving Load Fixed Load Total 


Then the value increases directly the range stress, 
and represents the ratio which the range stress bears the total 
stress. 


The extreme limits the value are, one side, All Fixed 
when: 


and the other side, Moving Load” when: 


will observed that Ris thus the complement the symbol 
used for the Launhardt formula, thus 


and, remembering this relation, easy translate expression 
from one system the other. 

Fixed Coefficient.—Under this system each ton Moving Load 
assumed have constant relative value, compared with ton 
Fixed Load, and, any member bridge, the nominal unit stress 
would merely depend upon how much Moving Load and how much 
Fixed Load had compounded that relative value. 

will seen, however, from the results experiment, that the 
effect Moving Load, compared with that Fixed Load, not 
all cases the same, but relatively greater the proportion Mov- 
ing Load becomes higher. Thus, according the results experi- 
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ment, the coefficients proper different conditions loading are 
follows 


Moving Load. Fixed Load. Actual Coefficient.* 
1.41 
1.81 


might, therefore, first sight appear that under the single 
coefficient system would not possible obtain graduated scale 
for the permissible unit stress which should fairly accord with 
the requirements the case; but will found consideration 
that under this system the graduation better than might first 
supposed; and that coefficient, selected applicable 
high ratio Moving Load Fixed Load, would itself provide 
sliding scale yielding results which would perhaps nowhere differ 
important extent from those which would obtained under more 
complete system. 

Remembering that the coefficient applied only that part the 
Total Load which has been called Load,” evident that 
its effect increasing the size any member becomes relatively 
small the proportion Moving taken that mem- 
ber reduced. Thus, with single coefficient selected applicable 
high ratio Moving Load compared with Fixed Load, the per- 
centage error the Total Load obtained its use would 
decreased roughly proportion the actual error the coefficient 
itself became greater; and with the maximum error the coefficient, 
the condition (practically) all Fixed Load, the error the 
Total Load used for the determination the dimensions member 
would become (practically) nil. 

there has been some misunderstanding with regard this coefficient, the fol- 
lowing illustration offered with apology those who, being well acquainted with 
the matter, will doubt regard 

Suppose that number bullets, all the same size, made, some copper and 
some gold; and that each copper bullet weighs one ounce. 

Suppose further, the first instance, that the specific gravity gold exactly 
double that Under these conditions, with any mixed lot bullets—some 
copper and some gold—it evident that the weight the lot ounces could once 
ascertained counting the number each kind separately, the gold 


number two, and adding the result the actual copper number. represents 
the case for single fixed coefficient. 

Suppose now the conditions altered, and that the specific gravity the gold bullets 
does not remain the same, but mixed lot found higher when the gold 
bullets are numerous, and lower when the reverse conditions prevail. 
obtain the total weight for any mixed lot now, not only would the number bullets 
each metal have counted, but the ratio the numbers would have deter- 
mined, and the calculation based specific gravity for gold which would vary 
with that ratio. This represents the case for variable coefficient. 
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This will apparent from the following example: 

Case 1.—Conditions assumed: Moving Load, tons; Fixed Load, 
ton; Correct Coefficient, 2.0. 

Here the correct equivalent Total Load would tons. 
Had the coefficient been wrongly taken 1.5, the equivalent Total 
Load would have worked out 13.5 1=14.5 tons, showing error 
the result nearly proportioned the error the coefficient, and 
all the wrong side. 

Case 2.—Conditions assumed: Moving Load, ton; Fixed Load, 
tons; Correct Coefficient, 1.3. 

Here the correct equivalent Total Load would 1.3 10.3 
tons. Had the coefficient been wrongly taken 2.0, the equivalent 
Total Load would have worked out tons, showing 
error the result very compared with the error the co- 
efficient, and all the side safety. 

This system, with fixed coefficient 2.0, has found much favor 
America, and has been adopted several bridge engineers, notably 
Theodore Cooper, Am. Soc. has the advantage 
very great simplicity, and gives results which show very fair ap- 
proximation those obtained experiment. 

The corresponding formula 


Safe working stress tons per square inch 


will observed reference Fig. that the greatest per- 


centage divergence from the standard curve occurs the point where 


here the results with fixed coefficient 2.0 


would give excess strength about per cent. 

Fig. for the coefficient, this system represented 
straight line parallel the datum line. Fig. for safe working 
stress, the bend the curve downward toward the datum line 
throughout, whereas the bend the standard curve the opposite 
direction, with curvature increasing with the ratio Moving Load. 
This peculiarity causes considerable difference the direction the 
two curves where the ratio Moving Load high. The curve here 
fact bends the wrong way. 

Rule Adopted will observed that, where fixed 
coefficient 2.0 adopted for all members truss, there will 
excess strength for those members which the Total Load made 
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large proportion Fixed Load. This will specially observ- 
able the main booms bridges large span, for which coefficient 
1.5 would more suitable. 

With view retain the simplicity the fixed coefficient system, 
and, the same time, obtain results more nearly accord with 
actual conditions, the following rule has been adopted the Govern- 
ment India: 

For any member railway bridge wrought iron steel, the 
total working load taken the greatest ‘‘Moving Load” 
multiplied coefficient and added the actual Fixed Load.” 

The coefficient used for this purpose 2.0 all cases, 
except for the upper and lower booms triangulated girders, for 
which coefficient 1.5 may used. 

will seen that, although two coefficients are used, there will 
step kink the line representing the rule graphically. 
the graphic representation the rule there would two separate 
lines, one for main booms and the other for general work. 

Under the operation the rule the coefficient 1.5 would not 
used for very small girders, inasmuch modern practice India 
triangulated girders are not used for spans less than ft. 

has been shown that, with only single coefficient, the adjust- 
ment the unit stress, suit varying ratios Fixed Load Moving 
Load, can arranged for fairly well, provided the selected 
that applicable condition approximately All Moving 
Load.” With the addition the second coefficient for main booms, 
the provisional rule adopted India gives results which are probably 
nearly accord with the actual conditions could attained 
without the use variable coefficient. The rule has, moreover, the 
practical advantage being simple and very easily applied. 

This rule practically accord with that advocated Claxton 
Fidler his able and interesting exposition his Dynamic 
Method.”* The formula given Fidler 

where represents the momentary internal stress and the dynamic 
increment. For cross-girders, vertical suspenders, diagonals web 
bracing and girders span ft. 


Edition 1893; 260. 
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this implies that the due the Moving Load will 
obtained adding increment” equal the Moving 
Load. other words, the Moving Load doubled obtain 
its equivalent terms Fixed Load. 

For main booms girders 100-ft. span upward 


this implies that the stress” due the Moving Load will 
obtained adding dynamic equal half the Mov- 
ing Load. other words, the Moving Load increased 
half much again obtain its equivalent terms Fixed Load. 

Rule.—This rule was proposed Messrs. Bell 
and Robertson improvement the Government India 
rule given above; the object being obtain simple means varying 
the coefficient according the nature the load. 

The rule follows: 

For any member railway bridge wrought iron steel, the 
multiplied coefficient 1.5 and added dead load,” 
provided that minimum dead load equal live load shall 
taken into calculation wherever the actual dead load less. 

Hence, under this rule, the coefficient would 2.0 for the condition 
All Moving Load, and would decrease the relative amount Mov- 
Moving Load 66.7 
Fixed 33.3’ 
efficient would become 1.5. From this point onward there would 
fixed coefficient 1.5. 

This rule gives good approximation the results obtained 
experiment, and the same time simple and easy application. 
is, however, not uniformly consistent rule, and, represented 
graphically, will seen made two curves different char- 
Moving Load 66.7 
Fixed Load 
thus cusp kink the line this point. (See Fig. 2.) 

Range Coefficient.—With coefficient increasing with the range 
this system assumed that the extra effect the Moving Load, 
compared with the same weight Fixed Load, may, for practical pur- 


ing Load became less, until the point the co- 


acters, with their intersections the point There 
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poses, taken the nominal Moving Load multiplied The 
applied the Moving Load, obtain its equivalent 
terms Fixed Load, will then R.* 

The practical application this rule extremely simple, the 
coefficient for any compound load obtained once merely adding 
the decimal giving the proportion Moving Load Total Load. 

Example: 

Moving Loud Total Load. 
Then coefficient 1.9. 
Moving Load .66 Total Load. 
Then coefficient 1.66. 
The corresponding formula is: 


Safe working stress tons per square inch 


Fig. for the coefficient, this system represented straight 
line drawn from the point 2.0 for All Moving Load,” 1.0 for All 
Fixed Load.” 

Fig. for safe working stress, the curve representing this sys- 
tem has double (or reversed) curvature. will seen that gives 
very good approximation the standard curve throughout. 

formula is: 

t—u Min. 

Avoiding troublesome fractions, the nearest approximation the 
results for total effect, obtained experiment, will found assign- 
tons, the formula would then become— 

Breaking stress tons per square inch 10.5 (1+ 
and with factor safety 3.0— 
Safe working stress tons per square inch 3.5 (1+ 

noted that this result the same that which has been 
arrived America entirely independent course reasoning, 
and now adopted some the best modern American specifications. 

Using the symbol instead the formula would written thus: 

Safe Working Stress 3.5 


peculiarity incidental this system, may noted that for any Compound 
Load which Fixed Load Moving (or effective) Total Load 
oad 
will 100 (10 For example, Moving Load then .8, and the effective 
Total Load 164. 
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The use this formula, with the values adopted, involves the fol- 
lowing assumptions: 

(a) The coefficient applied the Moving Load, obtain its 
equivalent terms Fixed Load, 2.0 for the condition 
Moving Load,” diminishing the ratio Moving Load Fixed Load 
decreases, until becomes 1.5 for the condition All Fixed 
The variation the value the coefficient directly the ratio 
Total Load Fixed plus Total Load. (See Fig. 2.) 

The nominal breaking stress varies directly the ratio 
Fixed Load Total Load. Fig. for ‘‘nominal safe 
working stress, this system represented straight line. 

This formula very simple application and has the advantage 
being already well known and established practice America. 
will also seen reference Fig. that the results obtained 
this system give fairly good approximation the results obtained 
experiment. 

will observed, however, that, being straight line formula 
(see Fig. 3), impossible any adjustment the relative values 
and obtain results for safe working stress decreasing 
higher ratio the percentage Moving Load becomes greater. 
give such results, and thereby more accord with the facts 
indicated experiment, the line plotted Fig. should bend 
upward, convex viewed from the top the diagram. 

Range being established that the breaking stress for 
bar becomes less the range stress increases, evident that 
useful formula may constructed under which the breaking stress 
for compound load may arrived means expression 
which will show directly, function the range, the amount 
which the static breaking stress reduced. the system now 
proposed, therefore, the static breaking stress will the standard for 
comparison all cases, and the lower breaking stress for any com- 
pound load will ascertained direct subtraction the amount 
which the breaking stress reduced. 

Avoiding troublesome fractions and complicated expressions, 
considered that for wrought iron, with static breaking stress 
tons per square inch, the most suitable formula for general use would be: 

Breaking stress, tons per square inch, (12 
and with factor safety 3.0: 


| 
| 
| 
| | 
| 
| 
i 


STONE WORKING STRESS FOR RAILWAY BRIDGES. 391 


Safe working stress, tons per square inch, 

Fig. for the coefficient, the results obtained the use this 
formula are represented line extending from 2.33 for All Mov- 
ing Load,” 1.00 for All Fixed Load.” 

Fig. for safe working stress, will observed that for the 
lower ratios Moving Load, the working stress which would 
allowed under this formula somewhat higher given the 
standard curve. The greatest percentage difference the point 
where the Moving Load about half the Fixed Load here, under 
the formula, the permissible working stress per square inch would 
6.56 tons, against 6.28 tons indicated suitable the results ex- 
periment. The line represented this formula crosses the standard 
curve near the point where the Moving Load about double the Fixed 
Load; and thence for the higher ratios Moving Load the working 
stress which would allowed under the formula lower than that 
indicated the experimental results. the point where the com- 
pound load becomes All Moving Load,” the permissible working 
stress, given the formula, per square inch. 

General Summary.—The six systems, which have now been com- 
pared and discussed, for giving approximately working stress 
for wrought iron, are:* 

(a) Actual Experimental Results: 

Safe working stress obtained use table. 

(b) Fixed Coefficient: 

Safe working stress tons per square inch 

(c) Bell-Robertson Rule: 

single formula applicable. 

Range Coefficient: 

Safe working stress tons per square inch 

(e) Launhardt’s System: 

Safe working stress tons per square inch (3.5 

Range Formula: 

Safe working stress tons per square inch 


these formulas the symbol represents the proportionate range stress, thus: 
Moving Load Range 

the Moving Load and Fixed Load simply added. The corresponding Effective 

obtained the use these formulas tons per square inch throughout. 
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TABLE No. FoR THE 


COMPARED WITH THE EFFECT 

NATURE 


Fixed 
Range hardt’s Range 
PERCENTAGE. Results Coefficient. System Formula. 
Actual Robertson 
| | | 
66.7 200.00 150.00 166 .67 175.00 
149.07 150.00 174.07 148.96 
143.31 200.00 150.00 155.00 168.96 138.00 
140.90 200.00 150.00 150.00 
138.7 200.00 150.00 145.00 164.51 129.08 
200.00 150.00 140.00 162.50 125.16 
200.00 150.00 135.00 160.60 121.51 
66.7 33.3 200.00 150.00 133.33 160.00 120.34 
200.00 150.00 130.00 118.07 
131.28 200.00 150.00 125.00 157.14 114.81 
129.73 200.00 150.00 120.00 155.56 111.7 
128.36 200.00 150.00 115.00 154.05 108.68 
126.02 150.00 105.00 151.27 102.86 
100 125.00 200.00 150.00 100.00 150.00 100.00 


will observed that, these systems, each has some advantage 
recommend it, and that the selection the most suitable system 
for general use, some extent question how far may 
considered advisable sacrifice simplicity obtain closer approxi- 
mation the results obtained experiment. 

For convenience comparison the results which would obtained 
the use each rule formula for different ratios Fixed Load 
Moving Load are exhibited the following tables: 

Table No. 5.—Results for the Coefficient. 
Table No. 6.—Results for Safe Working Stress. 
Table No. 7.—Percentage Comparison. 


From the latter table can glance the practical 
effect any rule formula the area cross-section member 


compared with the area which would indicated the result 
experiment. 
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‘TABLE No. SAFE WorKING STRESS. 


Tons PER 


OMPOUND LOAD, Laun- 
ardt’s Range 
Experi- Bell- 
ment for Robertson 
3.50 3.50 3.50 3.50 
5 95 8.61 8.59 3.68 3.68 3.67 8.39 
10 | 90 4.06 3.68 3.89 8.87 3.85 8.76 
4.38 4.12 4.06 4.02 4.11 
4.65 3.89 4.38 4.27 4.20 4.44 
25 7% 4.89 4.00 4.67 4.48 4.37 4.%5 
30 vi 5.11 4.12 5.00 4.70 4.55 5.04 
33.3 66.7 5.24 4.20 5.25 4.85 4.67 5.22 
5.31 4.24 5.28 4.92 4.72 
5.49 5.38 5.15 4.90 5.56 
5.65 4.52 5.49 5.37 5.07 5.79 
5.81 4.67 5.60 5.60 5.25 6.00 
5.96 5.82 5.42 6.19 
6.11 5.00 6.08 5.60 6.36 
65 85 6.24 5.18 5.96 6.24 5.77 6.51 
66.7 33.3 6.28 5.25 6.00 6.30 5.83 6.56 
7 80 6.37 5.38 6.09 6.42 5.95 6.64 
5 25 6.49 5.60 6.22 6.59 6.12 6.75 
6.61 6.36 6.73 6.30 6.84 
6.71 6.09 6.51 6.85 6.47 6.91 
6.82 6.36 6.67 6.65 6.96 
95 5 6.91 6.67 6.88 6.98 6.82 6.99 
100 7.00 7.00 7.00 7.00 7.00 7.00 


The results are also exhibited graphically for the coefficient 
Fig. and for safe working stress Fig. 

With reference the remarks made this subject when dis- 
the fixed coefficient system, will observed that where 
the ratio Fixed Load, compared with Moving Load, high, very 
great differences the coefficient, given Table No. have but 
small effect the practical results, given Tables Nos. and 

Approximate Nature remembered that the 
figures here quoted determined experiment” are merely the 
averages large number results, among which there are great 
discrepancies and that for each point determined the maximum and 
minimum often differ widely from each other. Further, that deci- 
ding where place the average value, various circumstances must 
taken into account and allowed due weight but the precise amount 
correction required must each case (within certain limits) remain 
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TABLE No. CoMPARISON. 


AREA MEMBERS COMPARED WITH THE AREA 


INDICATED EXPERIMENT. PERCENTAGE. 
NATURE 
Laun- 
Fixed 
Range hardt’s Range 
Experi- 
ment for Bell- 
Actual 


2.5 100 90.89 89.74 100.74 
33.3 66.7 100 99.87 108.17 100.38 
100 125.09 100.46 112,32 
100 102.97 105.19 111,40 
100 124.53 108.78 108.7 110.70 
66.7 33.3 100 119.71 
100 100 100.00 100.00 100.00 100.00 


for judgment and discretion. the interpretation the 
results Wohler’s experiments, for example, will seen from 
Tables Nos. and that such eminent authorities Gerber and 
Launhardt are means accord the value the coefficient 
where the ratio Fixed Load high, the coefficient for wrought 
iron for the condition All Fixed Load,” according Launhardt, 
being one-seventh greater than that obtained Gerber. 
this subject Weyrauch remarks follows 


that absolutely exact laws for constructive materials 
will certainly never result from experiments, that even brands 
iron acknowledged good, differences the statical breaking 
strength much 40% occur, and that merely question 
finding substitute for the still more rough and incorrect assump- 
tion constant even the preceding might suffice for practical 
purposes until more facts are accumulated.” 


Proc. Inst. E., 1880-81, Vol. pp. 282 and 
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for more exact determinations than those under considera- 
tion such approximation ought considered satisfactory. 
the author’s mind would appear sufficient the deviations the 
real values from those given the formula did not exceed the 
deviations from one another real values ain good and commonly 
used 

If, therefore, means simple rule easily applied formula 
fairly good approximation obtained the figures representing the 
result experiment, will evidently not worth while adopt 
more complicated troublesome system order secure very 
close approximation line, the correct position which (within 
certain limits) after all matter some uncertainty. 

The Selection System.—In the immediate effect, determined 
experiments, noted that the only effects allowed for are 
those which produce measurable elongation shortening bar 
deflection beam, and the effect the violent concussion 
vibration, with which the application the load accompanied, 
not taken into account. 

appears reasonable, however, suppose that where the applica- 
tion load accompanied violent jarring shock, there must 
effect the bar more severe than that indicated the mere 
temporary elongation, shortening deflection.* The effect jarring 
and vibration would most severe with members (such cross- 
girders and rail bearers) which are exposed more immediately the 
action the locomotive, and generally with members for which the 
ratio Moving Load high compared with Fixed Load. Hence, 
making allowance for the effect shocks and violent jarring and 
vibration, will proper arrange that the allowance shall in- 
crease the ratio Moving Load Total Load becomes greater, or, 
other words, the value becomes higher. 

this connection the following illustrations are offered for consideration 

Let two precisely similar bars subjected repeated equal extent, 
involving stress beyond the elastic limit. Let the the first bar produced 
steady pressure applied and removed. Let the deflections (equal extent) the 
number before breaking would less the second case than the 

rst. 

Again—Let glass tube supported vertical position, and closed the lower 
end. Into this tube let certain quantity dry angular sand, not sufficient fill the 
tube, poured quietly. Having marked the tube the the 
sand, let the sand out and again poured before. This second time, how- 
ever, let the tube violently jarred and shaken the sand falls into it. the second 
case, the sand will not stand great height the tube the first case. 

Again—Let bar steel placed with its axis pointing the magnetic pole, and 
left undisturbed. the course years will have become some extent 


magnetic. The same bar that position violently jarred the blows hammer 
would have become equally magnetic the course few minutes. 
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BREAKING STRESS FOR THE 


Com- TONS PER SQuARE INCH. 
Apportionment the uivalen 
Load 
For the terms 
Total Nominal Effective 
Fixed Moving Tons per |Tons per 
Load. Load. Square Square 
Inch. nch. 
100 0.0000 3.0000 7.00 
5 95 10,1700 | 0.5085 9.6615 2.1209 3.3900 7.00 
13.3200 2.6640 10.6560 1.7207 7.00 
15.1200 4.5360 10.5840 1.5556 5.0400 7.00 
33.3 66.7 15.6672 7.00 
15.9300 10.3545 1.4896 5.3100 7.00 
16.6800 6.6720 10.0080 7.00 
17.3700 7.8165 1.3800 5.7900 
18,0000 9.0000 9.0000 7.00 
18.5700 8.3565 1.2908 6.1900 7.00 
66.7 33.3 19.6668 13.1112 6.5556 7.00 
19.9200 5.9760 1.1807 6.6400 7.00 
20.2500 15.1875 5.0625 1.1481 6.7500 7.00 
20.8800 18.7920 2.0880 6.9600 7.00 
100 21.0000 21.0000 0.0000 7.0000 7.00 


the other hand, the irregular abnormal effects cov- 
ered the factor safety, will observed that many these 
causes extra unit stress would have but little effect large and 
massive member which the ratio Fixed Load high com- 
pared with Moving Load; and would therefore appear proper 
allow somewhat higher effective stress* the ratio Moving 
Load Total Load becomes less, or, other words, the value 
becomes lower. 

Range Formula Recommended.—These results are attained for 
wrought iron the use the range formula: 

Safe working stress tons per square inch 


Effective stress means the actual working stress which the material sub- 
jected, the assumption that the coefficient adopted correctly represents the real 
effects Moving Load compared with that the same weight Fixed Load. 
other words, Effective means the stress due the Fixed Load added that 
due the equivalent the Moving Load terms Fixed Load. 
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With this formula will seen, inspection Table No. 
and Fig. that, compared with the actual results experiment, 
somewhat higher effective stress would allowed the more 
massive parts large bridge truss where the irregular and abnormal 
effects would least, and where economy material may most prof- 
itably exercised. other hand, with the lighter members 
truss (where the ratio Moving Load high compared with Fixed 
Load, and where the irregular and abnormal effects would most 
severely felt), the effective stress allowed would somewhat lower 
than that deduced from the results experiment. 

The general results for wrought iron, obtained the use this 
formula, are exhibited Table No. 


FoR STEEL. 

will observed that the value determined Wohler’s 
experiments for steel, but little greater than instead the 
value obtained for wrought iron. The result that the correspond- 
ing breaking stress, the case All Moving Load,” deduced from 
these experiments, would but little greater for steel than for wrought 
iron, although the case All Fixed the breaking stress per 
unit area for steel one-third higher. This result would some- 
what unsatisfactory bridge engineers, as, acted upon, would have 
the effect requiring the area member subjected high ratio 
moving load nearly great with steel with iron.* 

noted, however, that much the steel used Wohler’s 
experiments was made about forty years The elastic limit 
steel now commonly used bridge-building probably higher, and 
there difficulty obtaining material having elastic limit 
high two thirds the ultimate static breaking stress. 

Hence would appear that for the quality mild steel, now 
used for the construction railway bridges, the ultimate breaking 
stress per square inch taken tons, the elastic limit may, for 
practical purposes, high tons. The rule for safe 


The breaking stress for All Moving Load corresponding these would 
be, per inch: 


iron 


Wohler’s experiments were carried for twelve years, from 1859 1870. 
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working stress may then based value equal and the 
rule for steel may then take the same general form that found suit- 
able for wrought iron. 
these considerations the formula recommended for steel is: 
Safe working stress tons per square inch R’) 
corresponding with that proposed for wrought 


The general results for steel, obtained the use this formula, are 
exhibited Table No. 


TABLE No. For OBTAINED USE RANGE 


BREAKING STRESS FOR THE 


POUND (NOMINAL) PERMISSIBLE WORK- 
pportionment the Equivalen 
Load 
For the Terms 
Total Fixed Nominal Effective 
Load. Due Due Load. Stress. Stress. 
Fixed Moving Tons per Tons per 
Load Load Square Square 
Inch. Inch 
2.5 12.7410 0.3185 2.1478 9.00 
33.3 66.7 20.3333 6.7778 13.5555 1,4918 6.7778 9.00 
35 65 20 .6625 7.2319 13.4306 1.4719 6.8875 9.00 
40 60 21.6000 8.6400 12.9600 1.4167 7.2000 9.00 
66.7 33.3 16.8889 8.4444 9.00 
26.0625 19.5469 6.5156 8.6875 9.00 
26.6625 22.6631 3.9994 8.8875 9.00 
26.8500 24.1650 2.6850 8.9500 9.00 
100 0.0000 1,0000 9.0000 9.00 


For steel having higher static breaking stress per square inch than tons, the 
elastic limit would doubt bear lower ratioto the ultimate breaking stress than 
But such case the elastic limit would merely lower relatively, not lower absolutely. 
rule based breaking stress per square inch, tons for All Moving 
ranging tons for Fixed would clearly not less safe for material, the 
breaking stress for which might range (say) tons for All Fixed Some 


the steel used experiments showed static breaking stress more than 
tons per square inch. 


this formula the symbol represents the proportionate range stress, thus: 
Moving Load Range 


Fixed Load Moving Load Total. 
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MARINE WOOD-BORERS. 


PRESENTED THE ANNUAL CONVENTION, 1898. 


The forms marine life which attack wood are much more 
numerous than commonly supposed. The wood-borer for the 
most part concealed from view while work, and consequence 
frequently disassociated from the subsequently discovered results 
its labors. 

The Teredo Navalis, being common Europe, where these forms 
life were first studied, has become better known than its com- 
panions. Nearly every kind boring found wood which has been 
sea water consequence very generally attributed this 
animal. The Teredo Navalis worthy all the attention receives, 
being important itself, and also standing representative its 
family. That there are other species teredo than the navalis, and 
other wood-borers than the teredo, must, however, not forgotten. 

The destruction accomplished wood-borers very great. The 
cost wood destroyed, replacements necessitated failures, and 
protecting wood that will not fail, aggregate very large 
amount. The influence these animals has not always been con- 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
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fined direct cost, and said that their presence abnormal 
quantities has affected the prosperity cities. The weakening 
the pile foundations and other woodwork the dikes Holland 
once threatened the safety that country. 

The Teredo Navalis has been observed Europe for nearly two 
centuries. The Dutch, from necessity, excelled the early study 
its habits, and the reputation thus established has continued the 
present time. Much attention has been devoted this and other 
forms marine wood-borers American naturalists, among whom 
the names Verrill, Yale University; Smith, the 
National Fish Commission; Dall, the Smithsonian Institu- 
tion, and lately Siegerfoos, the Johns Hopkins Department 
Biology, should mentioned. 


TEREDO. 


The teredo ancient form life, fossil remains having 
been found both England and America. was known the 
Ancients, and mentioned the writings Pliny and Ovid. 
was observed modern times about the year 1730, when, has been 
stated, threatened the woodwork the dikes Holland. 

The Teredo Navalis often referred toas the Ship Worm, although 
mollusk. The name convenient, because the navalis and 
other teredos resemble worms appearance, but ifit isto used 
should include all forms the teredo, and not confined the 
species navalis, which case the names Teredo and Ship Worm 
rather than the names Teredo Navalis and Ship Worm would 
synonymous. 

Seven species the teredo have been identified existing 
the United States. They are the Teredo Navalis (Linn.), the Teredo 
Norvegica (Spengler), the Teredo Dilatata (Simpson), the Teredo 
Megotara (Hanley), the Teredo Thompsono (Tryon), the Xylophaga 
Dorsalis (Forbes and Hanley), and the Xylotrya Fimbriata (Jeffreys). 
These varieties are similar their principal characteristics. de- 
scription the teredo may profitably preceded mention 
two the more familiar forms life which resemble it. 

The long soft shell clam (Myra), Plate XX, Fig. familiar 
The prominent characteristic long worm-like neck, which 
out all proportion the shell which covers thesofter parts. This 
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long neck contains two tubes syphons, through one which the 
animal receives its sustenance, the other being used expel the water 
from which the microscopic life has been withdrawn. 

Another form the same worm-like structure the razor clam 
Plate XX, Fig. whose shape more nearly conformed 
the covering shell. possesses powerful club-shaped foot 
sucker, which used auger penetrate the sand which 
resides. The special features which attention called are the 
long worm-like syphon structure both the long and razor clam, 
and the foot sucker the latter. general idea the teredo 
can gained imagining soft clam with unusually long neck 
and very small shell, razor clam with its shell cut away 
expose nearly all its length. The long clam, the razor clam and 
the teredo are all true mollusks, and only resemble worms that 
parts their bodies are long and round. The shell the adult 
teredo covers but small proportion 
its slender worm-like body. 

The body the teredo (Fig. 1), 
which substance resembles that 
the oyster, long, slender, smooth, 
soft and gray, tapering somewhat 
toward the outer posterior end 
the animal which nearest the entrance the burrow. Although 
the collar attaches the animal the sides the boring which has 
formed, yet the teredo free move either side it. The two 
little horns shown are the extremities the tubes syphons 
which have been described connection with the long and razor 
clams. These little tubes may extended out through the opening 
the cell, and are the portion the animal which first noticed 
the observer. 

The two little shelly plates, the base the syphon prolonga- 
tions, are called pallets. They are slightly curved the top that 
they can enfold the syphons. Whenthe syphons are withdrawn into 
the burrow, the pallets are contracted over them protect these 
soft tubes from the enemy. The pallet shells are frequently confused 
with the boring shells, which are the other end the body. 
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The principal boring shells which are open both the top 
and bottom, are small, and very beautifully formed. The opening 
the top permits the emergence the body, and the foot sucker 
passes through the opening the bottom. calcareous substance 
invariably deposited the teredo upon the newly cut surface the 
wooden tunnel, forming enameled lining through which the ani- 
mal can glide backward forward expands. This 
shell tube separate structure, distinct from the pallets and from 
the boring shell. 

will seen that the distinctive features the teredo are the 
body, the collar, the syphons, the pallets, the boring shell, the foot 
and the lining shell. These several members and their processes will 
considered separately. 


The Body.—The body the teredo resembles that along worm, 
without the articulations. young animal transparent 
that some the interior organs, such the heart and the ovary, may 
observed through it. The heart consists two auricles and ventricle. 
The pulsations, which may readily counted, are irregular, the rate 
being about four five per minute. The blood transparent, 
colorless fluid. Many the important organs, the mouth, the 
palpi, the liver and the foot, are enclosed the boring shell the fur- 
ther extremity the animal. The gills are located for the most part 
the outside the shell, and are very interesting. They are long 
and narrow, usually reddish brown color, and perform the import- 
ant office sheltering the eggs and embryo. The nervous system 
well developed, and consists filaments and ganglions connecting the 
mouth, the the foot, the collar and the syphons. The 
stomach not distinguished any peculiarity, but there well- 
developed intestine. The great length the body due the 
elongation the syphons breathing tubes. 

The Collar.—The collar muscular, wrinkled membrane which 
extends entirely around the posterior portion and forms 
connection between the teredo and the shelly lining its tunnel. 
This the only place which the teredo not free and separated 
from its surroundings. The collar fills the place between the teredo 
and the circumference tunnel. Water cannot pass through the 
orifice the tunnel, save controlled The col- 
lar contains several well-defined muscles, and these act upon the 
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pallets which are pulled down over the syphons such manner 
close the entrance the tube when the extremities the syphons 
are drawn into the burrow. 

The Syphons.—The syphons are the two principal organs, and ex- 
tend throughout the greater length the body. One these tubes 
conveys the oxygen, water and infusorial food the vital processes 
the animal; the other conveys the exhausted water, the excretions, 
the débris from the excavation and the eggs the free water 
without. The outer structures the syphons are united while they 
remain the body, but signs divergence are seen they emerge 
from between the pallets. They continue united for little and are 
then separated into two distinct tubes, indicated Fig. Plate 
XXII. These divergent extremities pass backward and forward 
through the orifice the wood. They constitute the only part the 
animal which can seen from the outside the wood. The extrem- 
ities often stretch for some distance out through the minute opening 
the cell, and are sometimes mistaken for the entire animal. 

The extremities, which usually appear about equal 
length seen from the exterior the wood, are yellowish white 
tint, but are sometimes speckled with reddish brown. The longer 
more, while the outcurrent throat remains about half that 
distance. 

The teredo able expand contract these extremities will 
and when the conditions are favorable, they are extended through 
the orifice their full length, and remain stationary wave slowly 
backward and forward. The motion sometimes confined the 
extreme ends, while the greater part the extremity remains sta- 
tionary. When the animal alarmed, the syphons are withdrawn 
and pass down between the pallets into the tunnel; the pallets close 
over them and protect them from harm. The syphons are erected 
means current blood sent into them from the vessels within. 
‘When the water warm, the animal active and the syphons are ex. 
tended out full length. They are withdrawn when the water be- 
comes cold, and the teredo entirely hidden. Fig. Plate 
shows the syphons fully extended they appear after several con- 
secutive days warm weather. The extremities the syphons must 
always kept the orifice the wood. the animal grows, the 
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muscular collar and the pallets recede from the entrance, per- 
mit the extremities the syphons remain there. 

two shelly plates near the orifice are called pal- 
lets. They are broad and flattened the top and concentrated the 
base. These long slender basal columns are connected with the mus- 
cles the collar that the pallets may relaxed contracted 
They relax when the syphon extremities pass out between 
the crescents horns, which will seen the top the shells, 
and contract when the syphons are withdrawn. The pallets are then 
folded over serve operculum protect the soft tubes 
from enemies. The Xylotrya Fimbriata differs from the ordinary 
variety that its pallets are long and oar-shaped. The stalk 
slender, the blade flattened 
the inside and convex 
externally. consists ten 
twelve funnel-shaped segt 
ments set into one another, 
and having their margins pro- 
jecting the sides, tha 

the edges the blade appear 
serrated. 

The Boring Shell.—The bor- 
ing shell, which nearly 
long broad, presents 
irregularly triangular ap- 
pearance when observed from 
the side. may best seen Fig.2. The two halves close tightly 
the hinge and the side opposite the hinge; the open space the 
top being toward the main bulk the animal, and the opening toward 
the extremity the tunnel permitting the emergence the foot 
sucker. The shells young animals are larger proportion than 
those old animals, shown Fig. Plate XXII. Whenthe animal 
very young, for short time entirely enclosed the shell. 

The Foot.—The foot which form resembles pestle short, 
stout, muscular organ, broadly truncated rounded the end, and 
arranged that can exert powerful suction upon anything 
which attached. This cupping action assists the shell excavat- 
ing extent which has probably not been understood. 
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The Lining shell, which has been previously described, 
follows the tunnel until finally terminates spherical cap, which 
may seen the left Fig. Plate XXIII. The adult animal 
occasionally shrinks, and second cap partition may formed 
retreats, the space between the caps remaining unoccupied. 

The early portion the tunnel, which was cut the young animal 
and now occupied the syphon extremities, below the normal 
diameter. The lining shell this point sometimes divides itself into 
two tubes, each containing one the syphons. This structure well 
shown Fig. Plate XXII. has been stated that the extremities 
the syphons must kept the orifice the wood. The collar 

and pallets recede the animal grows larger, thus forming consid- 
erable space between the pallets and the orifice the tunnel, which 
filled with little rings shell, whose sharp edges serve protect 
the entrance. The slender syphons emerging from the pallets pass 
readily through the spaces the centers the rings. 

The teredo can rarely advance for any time straight line, 
being forced deviate therefrom pass around obstacles, such 
cracks, knots the pre-existing tunnels its companions. The 
tunnels may wind and out and pass close one another 

occupy almost the entire content. This fact well illustrated 
Plate XXIII. The thickness the lining varies with the species. 
sometimes thin and fragile that becomes detached the 
slightest shock. Many the dried specimens exhibited museums 
not show the lining shell for this reason. The shell sometimes 
very thick. The specimen shown Fig. Plate exhibits 
extreme thickness half inch. ins. long and ins. 
diameter the larger end. This species exists the tropics, and does 
not penetrate wood, but forces its way into the sand, thus resembling 
the razor clam. The shells this variety teredo sometimes become 
covered with oysters other mollusks. The lining presents sur- 
face which the soft body the mollusk may press without 
injury. seals the interior the cell that the water supply may 
better controlled the syphons. 

The teredo rarely crosses seam joint the wood, probably 
because fears for the integrity the lining. Specimens exhibiting 
the attempt the teredo cross seam show that the shell has been 
much strengthened the junction point. When the teredo arrives 
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maturity, whenever insurmountable obstacle encountered, 
seals over the inner extremity the lining. The growth the animal, 
length, stopped either case, and entirely surrounded 
shell. There communication with the outer sea the 
points only, and the animal continues live for some time under 
these conditions evident that its sustenance derived from other 
sources than the wood. 

Vital Processes.—The teredo resembles other bivalve mollusks 
that exists upon infusorial life. This food, together with the neces- 
sary amount oxygen, drawn through the longer incurrent 
syphon, and flows throughout the length the animal until reaches 
the mouth the other extremity. stomach and intestine are 
well developed and perform their usual offices. The oxygen retained 
the gills. The return current, beginning the gills, removes the 
exhausted water, the excretions and the woody particles. These flow out 
through the animal and are ejected the shorter outcurrent 
syphon. The teredo does not devour wood; its form such that dust 
and other débris have pass through its body the point ejection. 
Where watched for some time, small clouds very fine 
dust may length observed puffed out from the orifice. The cir- 
culation through the syphons continuous. 

The teredo may live for short time out water. This fact 
explains its ability attack wood between high and low water. 
The specimens which enter wood where exposed between the tides 
not seem greatly hindered their work. 

Th. Hoech, Am. Soc. E., states that teredos have been 
found alive wood which had been removed from the water for two 
months. The circumstances are not stated, but probable that the 
wood was bulk and remained moist consequence. 

Many the logs cargo Central American woods recently re- 
ceived New York City, after voyage about two weeks, were 
found occupied living teredos, which had gained entrance 
the wood while was waiting shipment Southern waters. They 
were alive, strong, apparently healthy and able resume their work 
the wood should again submerged. probable that consider- 
able water was contained the wood and hold the vessel, yet the 
logs were certainly not submerged, and the fact remains, that these 
particular teredos survived the voyage and were numerons 
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emit strong, disagreeable, fishy odor, which necessitated the removal 
the logs from the yard. 

Montfort, Am. Soc. E., states that teredos occupying 
standing piles were killed when these piles were encircled loose 
iron jackets.* The teredos were wise injured the jackets and 
the presumption that the jackets were forced into the mud and that 
the teredos were destroyed the muddy water. Where infected ves- 
sels are subjected fresh water, the teredos usually live for about two 
weeks, far known. 

When specimens wood containing teredos are removed from sea 
water, the syphons relax after the vitality the animal gone. 
the specimen held upside down, the syphons then fall outward 
distance in. more, according the size the animal within. 

The Boring Appuratus.—While the animal still very small, 
settles upon the surface the wood and almost immediately begins 
clear away place which burrow. small pit made the 
edges the valves the shell, which come together pivots shown 
Fig. The shells are controlled powerful muscles acting 
swing them backward and forward upon the pivots. Only afew 
the teeth upon the shell are shown Fig. and these are exaggerated 
posterior muscle contracts, the shell, with the teeth, 
thrown outward and backward and rasps upon the surfaces the 
wood. The process assisted the foot which emerges through the 
large blank space between the shells and performs cupping action. 

The teredo differs from many the pholos tribe. probably 
employs the inflated syphons and pallets some unknown extent 
The lower portion the animal has large field rota- 
tion, that the various portions the anterior end the burrow can 
grated away turn. The large end the burrow is, course, 
slightly larger than the diameter the shell. The principal work 
excavation accomplished the shell. Many the stone-borers, 
the other hand, brace themselves means the shell which they 
open against the walls their burrow and hold there 
The muscular foot emerges from the shell, and, assisted the grit 
previous borings, grinds the stone. The wood-borers, far 
known, excavate with the shell, assisted the foot. Xylophaga and 
teredina probably bore like the teredos. 


Transactions, xxxi, 227. 
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The Character the Excavation.—The teredo very small when 
begins attack the wood, and the hole which entrance made, 
which the only perforation that appears upon the exterior, very 
minute (see Fig. Plate XXIV). The animal develops very rapidly. 

The adult diameter usually attained within ins. the sur- 
face, and the burrow increases diameter regularly from the point 
entrance the maximum diameter. The animal grows principally 
the direction length, and therefore, attacks the wood ac- 
commodate its quarters this increase length. The boring first 
carried across the grain, but ordinarily turns within short distance 
and passes the direction the grain. This general direction 
usually followed, but obstacles are frequently encountered that the 
tunnels become exceedingly tortuous, and pass every conceivable 
direction. 

The teredo usually passes around knots, although quite competent 
penetrate knots oak and other hard woods. Adjoining tunnels 
are not encroached upon, because these tunnels are completely occu- 
pied live teredos, and more ingenuity would required pass 
through one them than avoid it. When cracks exist the cen- 
ters large timbers, they are approached from all sides, but the film 
never willingly broken through. may assumed that the teredo 
does not desire cross any crack sign ofcleavage. prefers wood 
that surrounded bark, because the line contact between the 
wood and the bark. When piece wood thoroughly infested, the 


animals have pass very close one another, and the thin film 


wood left between the adjacent tunnels reinforced the calcareous 
lining. Corthell, Am. Soc. E., states that the teredos 
pass through the willows the Mississippi improvements 
leave them mass nearly parallel tubes. The calcareous lining 
appears lend some degree strength and toughness the wood 
thus weakened. 

fact which great importance that the teredo must always 
command the opening its burrow, and have free and permanent 
access the water. One end the teredo being thus fastened the 
outside the wood, the depth penetration must limited the 
length the animal. cannot exist the interior woodwork, 
nor can live breed without actual contact with free water. 
that teredo had been found the interior one the 
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caissons the Brooklyn Bridge was the cause much popular and 
unwarranted excitement the time the that structure. 

impossible examine the work the teredo without sur- 
prise the smooth surface the burrow, which cut perfectly 
the sharpest chisel. still weather the teredo may plainly 
heard while work. More than 50% the weight the wood may 
removed the teredo, without being greatly evidenced upon the 
surface. The little holes which the animal gains entrance become 
partially obliterated when dies. Wood may appear quite sound 
and yet weakened that much can crushed the hand 
(see Plate XXV). Failure, therefore, frequently comes suddenly. The 
tops piles which appear good condition are suddenly seen 
floating away. large wharf Provincetown, Cape Cod, unexpectedly 
collapsed reason the teredo. freight train the Louisville 
and Nashville Railroad crushed through trestle which had been 
standing but ten months, and had been constantly inspected without 
showing signs weakness. examination showed that the piles 
this instance had been eaten off close the mud line. 

Plate XXV from photograph log Panama mahogany, 
which was cut the uplands the Isthmus and floated through 
fresh water the harbor Colon, where remained floating salt 
water while awaiting shipment. The log was overlooked for one 
season, and the work the teredo thought have been accom- 
plished about nine months. The heavy, wet specimen was shipped 
with others, under the impression that was sound, but broke 
its own weight after its arrival New York. 

The Size the Teredo.—The size the teredo depends upon the 
species, locality and age, and the absence obstacles 
Specimens wood submitted for examination are frequently divested 
any signs which the excavators can classified. The excava- 
tion can identified the work the teredo, but the exact species 
accountable for the work cannot always told. 

has much with development. Specimens grow more 
rapidly and attain larger size where the climate warm. The teredo 
continues grow until reaches its maximum size, unless obstacle 
encountered. The species Navalis may assumed average from 
about one-fourth three-eighths diameter and from about 
ins. length, but specimens the teredo frequently attain 
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much greater size. Professor Siegerfoos writes that has measured 
them ft. length and that the specimens thus measured had 
not arrived limits. log about ft. square, recently ex- 
was found entirely honeycombed, the borings starting 
from opposite sides and passing slantingly into the wood, that 
they probably averaged over ft. length. The specimen was 
particular interest because the destruction had been accomplished 
single season. 

The minimum diameter and length boring may taken 
in. and ins. respectively. The maximum length may taken 
ft. The largest diameter ever noticed the author measured ins. 
this shown Plate XXVI. After the teredo has penetrated the 


wood for little distance, the diameter remains about constant. Dia- 


meters are measured this portion the burrow and not the 
entrance. 

The Range Field Work.—The teredo operates throughout 
vertical field considerable depth. This field begins point 
little above low-water mark, and extends downward until the pressure 
becomes too great, the soil the bottom encountered. The 
teredo seems able exist for little time without submergence, 
and therefore able live above the low-water mark, although exposed 
daily between the tides. The interior extremity the tunnel may 
higher than the entrance. The upper limit the excava- 
ted wood cannot determined examination the orifices 
the surface. The lower limit uncertain and probably different 
for different species. has been assumed many that the lower 
limit could set about ft. below low water, but recent in- 
formation, thought reliable, indicates that piles have been 
affected depth from ft. below that level. The fact 
that the interior extremity the burrow often found below the 
mud line has given the impression that the field the animal may 
extend below this limit, but the outside opening entrance made 
the teredo never below the soil, although the boring may turn 
downward for the whole length the animal. sediment accumu- 
lates around the bottom the wood cover the syphons, the 
death the teredo results. 

reported that some harbors the teredos attack the sur- 
face, and others the mud line. These differences are partially 
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due differences the constituents the upper and lower layers 
water. Where the fresh water meets the heavy water 
sea, the teredo may almost entirely confined the lower stratum. 
The range field the teredo important, because protective pro- 
cesses which could confined this field would more economical 
than those common use which are applied the entire structure. 

The Rapidity the Work.—The rapidity the work the teredo 
depends upon conditions similar those which govern its size. The 
evidence ‘upon this subject not always accompanied statement 
the conditions under which the results were accomplished, such 
the species teredo, the character the wood, the season, the 
climate and the depth submergence, all which are points im- 
portant the geographical location the work. The period 
which the teredo accomplishes its work variable. may six 
weeks many years, but rapid work usually accomplished under 
the conditions which exist warm climates. 

Impure water and cold weather retard its activity, while pure 
warm water expedites the work. Maximum probabilities being more 
important than minimum possibilities, safe assume that 6-in. 
boring may driven six weeks, and hence, the animal attacks 
all sides, pile ft. thick may destroyed that period. 

young teredo has been found wood which has been submerged 
for eight Six-inch piles have been destroyed Aransas Pass 
six weeks”, while other piles the same locality have lasted for 
three four Piles have been rendered useless sub- 
mergence one hundred days Mobile Bay.” the Louisville 
and Nashville Railroad piles ins. frequently have re- 
placed after six months’ Unpainted spar buoys havea life 
about one year the vicinity Cape Piles have been de- 
stroyed the harbor Galveston three years’. They have lasted 
twelve years the Delaware Breakwater Harbor’. 

Reproduction and Development.—Mollusks produce their young 
means eggs. Those the teredo are spherical shape and 


Annual Report Scientific Discovery for 1857. 

Report, Chief Engineers, A., 1888, pp. 18, 14. 

Annual Report, Chief Engineers, A., 1879, 987. 
Montfort, Transactions, Am. Soc. E., Vol. xxxi, 221. 

Report, Chief Engineers, A., 1868, 512. 

Annual Report, Chief Engineers, A., 1871, 667. 


at 
J 
| 
{ 
_g 
: 
t 
| 
| 
¢ 


412 SNOW MARINE 


greenish yellow color. The animal exceedingly prolific; the 
eggs specimen being probably numbered the million. 
The eggs are first deposited the gill cavity, and are almost once 
fertilized. They are free-swimming the end three hours, have 
well-developed shell before the end the day, are very hardy, and 
all seem fertilized and develop. 

The embryo passes through several interesting stages before as- 
sumes the character and form the adult. first covered 
fine hairs cilia, which enable swim. These are soon lost, 
and the rudiments small bivalve shell appear, which first 
heart-shaped and very small, yet large enough enclose the entire 
animal. The portion the body which protrudes from the shell 
fringed with cilia. These, again, constitute swimming organs, and the 
teredo swims actively until piece wood encountered. The shell 
has now become rounder, and organs sight and hearing have been 
developed. The appearance these organs marks climax the 
life the young animal, and begins elongate. The locomotive 
cilia disappear, the eyes are lost, and the mature form gradually 
assumed. The life the larve about four weeks, during all 
which time they are freeswimmers. the animal has become attached 
wood, however, its energies may expended thereon. The life 
specimen which has not found any wood attack has not been de- 
termined, but probably quite short. 

The results some observations Professor Siegerfoos upon the 
Xylotrya Fimbriata Beaufort are thus summarized: 

The free-swimming stage reached three hours, and well- 
developed shell formed have direct observations 
the time the ship larva free-swimming. may assume, 
think, that least month, may two. Most its 
energies are devoted locomotion during this period, but, after 
has attached itself, all its energies are devoted forming its. 
burrow and securing its food. Coming contact with the wood, the 
larva throws out single, long byssus thread for attachment and 
never again leaves its place. The newly attached larva somewhat 
less than .25 mm. long. twelve days, has attained length 
mm. sixteen days, mm. twenty days, mm. thirty 


days, mm. thirty-six days, about 100 mm., when bears ripe 
eggs sperm.” 


The extreme life limit the teredo unknown, but thought 


that under favorable conditions the animal may live for several years, 
Johns Hopkins Circular, 1896. 
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the vicinity New York the processes reproduction take place 
for the most part May. They are not entirely confined that 
month, however, but may extend throughout greater part the 
summer. Reproduction tropical countries probably extended 
throughout the entire year. The animal may develop very large 
size, and may possibly attain maturity single season. 

The Effect Climate, Temperature Water.—The Teredo Navalis 
thrives best under the influence heat, but, notwithstanding this 
fact, can resist cold considerable degree. not active 
when subjected low temperatures, yet can endure them. Some 
species the teredo have been reported far north Eastport, Me., 
and they exist abundantly under such conditions obtain Cape 
Cod. Destruction not carried continuously rapidly 
cold climates warmer ones, and for this reason maximum results 
are seen along the South Atlantic and Gulf States and the Pacific 
Coast, where the conditions are more favorable, and where reproduc- 
tion continued during longer period. 

The syphons the specimens observed the author contracted 
when the water Only the extremities could seen when 
the temperature was about degrees. Thesyphons expanded the 
water became warmer, and were fully extended after several days 
continued warm weather. The incurrent tube was stretched out 
one instance distance nearly The photograph (Plate 
XXI) was taken this period. supposed that the work 
excavation not active when the syphons are withdrawn. 

The purity the water should considered connection with 
the work the teredo. Some species inhabit pure sea water; some 
prefer brackish water; others abound waters that are muddy, while 
others again live only waters that are clear and pure.* The teredo 
often present certain waters, yet absent others nearly adjacent. 
This usually due some difference the water. The Xylotrya 
Fimbriata seems able survive the brackish, impure water 
the inner New York Harbor, while other species could not live there, 
though they are present the nearby outer ocean. The teredo very 
active the North Pacific Coast, yet absent near the mouth the 
Columbia, where the ocean influenced the outflow from the 
river. 


Percival Wright describes kind ship worm called Nausitora Dunlopei found 
India, miles from the sea, perfectly fresh water. 
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interesting incident reported firm New York 
City. carrying hard-wood logs was wrecked the vicinity 
the Gulf Mexico sandy beach separating the ocean from 
river. The logs were thrown into the ocean, and were afterward 
beached and conveyed over the sand the sheltered water the 
river, where they remained about six weeks. The wood was rapidly 
affected soon reached the brackish water the river, the re- 
sults being noticeable that some the borings were measured, and 
are said have averaged ins. length. The wood which remained 
the outer water was not injured. 

stated that the Russians once built large dock the harbor 
Sebastopol, and surrounded with fresh water the hope that 
would thus protected from the mollusks which infected the harbor; 
but was found that the teredo destroyed the wood rapidly 
when was submerged salt water. The discrepancy indicated 
these incidents may accounted for the difference the 
The teredo which avoids the brackish water the mouth the Colum- 
bia differs from that which prefers the harbor Sebastopol 
the river near the Gulf Mexico. 

The effect the condition the water upon the teredo inter- 
esting. The opinion that the periods unusual prevalence Hol- 
land were some way connected with change the quality 
the water was expressed early 1733, and since that time has fre- 
quently been endorsed Dutch engineers. Dr. von Baumhauer, 
Holland Commissioner the Centennial Exposition has called atten- 
tion the fact that but little rain fell the years when the teredo 
was unusually prevalent, hence the smaller volumes river water 
were thought have permitted larger proportions salt reach the 
coast. This theory strengthened the fact that analyses showed 
variation the proportion salt during dry and rainy seasons. 

The Distribution the Teredo.—The Teredo Navalis has been identi- 
fied existing the United States between Florida and Cape Cod, 
and Europe, from Sweden Sicily. The Teredo Norvegica has been 
found from Cape Cod northward the coast Maine. The 
Megotara has been found floating pine wood Newport, and 
cedar buoys, etc., New Bedford, Mass. has been found 
far the coast South Carolina. The Dilatata occurs from 
Massachusetts Bay South Carolina. The Thompsoni has 
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been found Cape Cod, Mass. The Xylophaga Dorsalis inhabits the 
waters the North Atlantic. The Xylotrya Fimbriata found along 
the Atlantic Coast from Long Island Sound Florida. also 
abounds the waters the North Pacific, and one the European 
forms. 

Different species the teredo are notably present such locali- 
ties the Bermudas, Jamaica, New Zealand and Australia. The 
teredo, rule, may generally found the Tropics, and hardly 
less numerous many the northern waters. 

Woods Affected the Teredo.—All varieties wood commonly used 
construction are subject attack when exposed the teredo. Im- 
munity occasionally claimed for some particular wood, but will 
generally found that the claims have been based upon local condi- 
tions and are not fully substantiated. 

The only woods about which any doubt may felt are those 
which contain some gum bitter essence and those which have 
porous structure and these the majority are not well known 
American constructors. Some them undoubtedly possess merit 
far they have been tested, but others may regarded open 
doubt, and error the safe side assume that none are ex- 
empt under all conditions. wood about which less doubt may 
felt than any others the Australian Jarrah. This variety 
Eucalyptus which much relied upon Australia, but under- 
stood that has failed Ceylon, New Zealand and elsewhere. 
very possible, however, that the wood used the works question 
was not the Jarrah. 

Karri wood another form Eucalyptus, the history which 
much less certain than that the Jarrah, with which often con- 
fused. Both varieties are now being extensively introduced into 
Europe for street-paving purposes. has often been held that Teak 
wood exempt, but the evidence against it, Teak wood logs 
affected the teredo have been received New York City within 
comparatively recent time. 

The following list partially exempt woods has been compiled 
Mr. Britton from authorities which are said reliable:* 
(Western Australia) Jarrah, Beefwood and Tooart; (Bahama) Stopper- 
wood; (Brazil) Sicupira, Greenheart; (India) Malabar Teak, Sisso, 
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May-Tobek; (South America) Santa Maria Wood; (Tasmania) Blue 
(West Indies) Lignum 

not urged that these are entirely exempt, but that they have 
been exempt for long periods. Very few them are widely 
construction. understood that Southampton some greenheart 
piles have failed recently. 

commission, appointed Holland investigate this question, 
decided that— 


Although not know with any certainty among the exotic 
woods there may not found those which resist the teredo, can 
affirm that hardness obstacle that prevents that mollusk from 
perforating his galleries.” 


This conclusion well borne out the experience with the Iron 
Bark tree, the Eucalyptus Lencoxylon, Australia. This wood hasa 
very great tensile strength, and the crushing strength said 
one-fourth that The wood certainly very hard, 
and yet the teredo means repelled it. 

The Eucalyptus Globulus, Blue Gum, has been successfully in- 
troduced into the United States, and grown California and 
Florida. Some hopes have been expressed that this wood might 
useful for marine purposes, but they have not been realized. Cedar 
has repelled the teredo for some little time the harbor San 
Francisco, and stated that some species the Black Mangrove 
Jamaica are exempt. 

The Osage Orange, Bodark, has been used some extent the 
Gulf States. understood that this wood relied upon principally 
because hard. 

much greater reliance may placed upon structure than upon 
the presence foreign substances. The teredo desires compact 
wood for its abode, and does not like cracks loose structure. 
Exogenous trees, palms, for instance, are probably exempt greater 
less extent. The wood the latter consists amass thick fibers 
independent one another that brushes can made rubbing one 
end stick until the fibers become detached and appear like bristles. 
Considerable reliance may placed upon the Cocoa Palm Mexico, 
the King Palm Cuba, and the Cabbage Palm Palmetto Florida. 

may assumed that the conditions impregnation structure 
necessary repel the teredo not exist naturally such woods 
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are commonly used engineering works. may also beassumed, 
far known present, that partial complete immunity, applied 


such woods are common use, question locality rather 
than variety wood. 


WHITE. 


This small crustacean has several names, the Limnoria Tere- 
brans, the Gribble and the Boring Gribble. The limnoria has not 
been studied for long period the teredo. was first noticed 
Robert Stevenson 1810, and was examined Dr. Leach, who one 
year later pronounced new species. has been investigated 
since that time numerous European writers, and, the United 
States, has been studied Dr. Verrill, Yale University, and Dr. 
Sidney Smith, the United States Fish Commission. 

The limnoria gregarious and found, all, large quanti- 
ties. much smaller than the teredo, but exists greater num- 
bers. has been traced from 
New York northward the Bay 
Fundy, and large numbers exist 
the North Pacific Ocean. 
very familiar and destructive form 
life Europe. the destruc- 
tion accomplished the limnoria 
could estimated would 


found surprisingly great. 

The body flat, round each end, and consists fourteen segments. 
The sides are nearly straight and are parallel one another. 
each the seven segments which follow the head attached pair 
short, stout legs terminating claws, the shape which sug- 
gests the small claw the lobster. The upper surface the body 
covered with small hairs which more less dirt usually adheres. 
The body grayish color, and sometimes resembles the color the 
wet wood much that difficult distinguish it. The limnoria 
can swim, creep backward and forward, well jump backward 
means its When touched, rolls itself into ball, and 


this particular, well general appearance, resembles the com- 
mon sow bug. 
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Vital Processes.—The limnoria differs from the teredo that 
vegetarian. The teredo sustained infusorial life, but the 
limnoria devours wood. Its tunnel affords both food and shelter. 

Boring Apparatus.—The limnoria attacks the wood means 
its mandibles claws. prefers wet wood and succeeds making 
very clean-cut excavation. 

Character the Excavation.—The work the limnoria differs from 
that the teredo that works upon the surface the wood 
such manner clearly seen, while the work the teredo 
usually concealed until the failure the wood. The limnoria simi- 
lar the teredo that its tunnel must communicate directly with 
the salt water; hence neither these animals can live the interior 
thick woodwork, such that caisson. The limnoria makes 
small, round, parallel-sided tunnel through which can pass freely 
back and forth from the sea. The diameter the entrance the 
tunnel similar the average diameter. The tunnels are quite 
short, and are placed very close together (see Plate They are 
numerous that the wood rapidly reduced series very thin 
partitions, which soon decay are washed away the waves, thus 
exposing fresh surface which once attacked. after layer 
thus rapidly removed, that the timber destroyed very few 

years. The limnoria frequently works conjunction with the teredo, 
attacking the exterior while the teredo destroys the interior the 
wood, and this combination effects rapid destruction. 

The limnoria attacks both the hard and soft parts the wood. 
The hard annual layers have not been avoided the specimens ex- 
amined. The limnoria can penetrate knots, but frequently avoids 
them, that these hard portions stand out relief the timbers 
waste away. rust said cause somewhat similar effect. 

The Size the Limnoria.—The limnoria very small, but notwith- 
standing this fact, very destructive. The multitude these 
animals compensates for their size. may assumed from 
to}in. length, and in. diameter. The tunnels are about 
in. depth. 

The Range Field Work.—The wide range observed between 
the several species the teredo does not apply the limnoria. Its 
work, observed the United States, generally confined 
limited distance above and below the low-water mark. Where the varia- 
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tions the tides are extensive, the vicinity the Bay 
Fundy, the range the limnoria correspondingly great. The 
United States Fish Commission states that has been found, al- 

The Rapidity the Work.—The limnoria does not work rapidly 
the teredo. The number individual workers may taken 
measure the work they accomplish. The number tunnels 
more important than their depth. Limnoria are almost invariably 
found large numbers and destroy layer from in. in. 
thickness year, the average yearly destruction being probably 

Almost all wood used marine locations the form piles» 
which are necessarily exposed upon all sides. Their effective diameter 
may reduced the rate in. for each season, which result, while 
not equal accomplished the teredo, sufficient cause 
great loss. 

The Effect Climate, Temperature and Water.—The limnoria found 
where the coldness the climate prohibits the existence the 
teredo. requires pure sea water, and cannot exist fresh 
impure water, consequently not found the mouths rivers. 

The Distribution the Limnoria.—The animals are distributed along 
the American coast from Florida Nova Scotia. They exist spar- 
ingly Long Island Sound, but are quite numerous upon the coast 
Massachusetts, and are very destructive the Bay Fundy. 
They are very active along the North Pacific coast, and are much 
feared the vicinity Puget Sound and the Straits Fuca. They 
exist also abundance upon the coast Great Britain and other 
parts Europe. 

Woods Affected the Limnoria.—The limnoria seems willing attack 
all varieties wood commonly used American constructors, but 
said prefer soft woods. has been known attack the gutta 
percha submarine telegraph cables. said that teak wood 
free from attack. Plate XXVIII life-size photograph part 


piece wood from Port Townsend, Wash., showing the work the 
limnoria. 
(RICHARDSON). 


Attention has recently been called this hitherto undescribed form 
life. This animal interesting that active comparatively 
fresh water. resembles the limnoria that attacks the wood 
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from without, the interior the wood being unaffected while the ex- 
terior being destroyed. 

The work these animals was first noticed upon some the 
trestles the Florida East Coast Railway the vicinity St. Johns 
River Putnam County, Florida. Specimens the wood were sub- 
mitted the Carbolineum Wood Preserving Company, New York 
City, and were referred them the Smithsonian Institution 
Washington, where they were studied Miss Harriet Richardson.* 

The animal somewhat resembles the limnoria appearance, and 
dark brown color. works between high and low-water marks. 
These are not tidal levels, but changes due the wind assisted 
the tides. The water appears quite fresh and the water hyacinth, 
which not commonly found salt water, flourishes the vicinity. 
The distance the ocean about 100 miles. 

The diameter the long-leafed yellow pine pile, from photo- 
graph which Plate XXIX was prepared, said have been reduced 
from ins. ins. eight years. 


CHELURA TEREBRANS. 


This animal was first noticed Trieste 1839, and was next found 
some piles the harbor Kingston. The Irish specimens were 
described Professor Allman The chelura was not identi- 
fied America until 1875, when two small specimens were discovered 
Professor Sidney Smith Wood’s Holl, Mass. others were 
observed until August, 1879, when Professor Verrill discovered num- 
ber them some piles Provincetown, Mass. The chelura un- 
questionably belongs the amphipods, and there apparently but 
one species the genus. The Pontiac described Czerniavski 
1868 identical with the Chelura Terebrans. 

general appearance the chelura (Fig. re- 
sembles that the ordinary shrimp, and for this reason sometimes 
referred the wood shrimp. Its shape differs from that the 
limnoria very striking degree. The two animals resemble one an- 
other only size. The chelura very active little animal, and 
swims upon its back. jumper, and can project itself con- 
siderable height when placed upon dry land, and this respect 


Paper before the Biological Society Washington, C., May 13th, 1897. 
and Mag. Nat. Hist., xix, 1847, 361. 
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resembles the sand hopper. The body semi-translucent, and 
thickly spotted mottled with pink. The animal distinguished 
three pairs caudal stylets, the last which are nearly long 
Those the females the young animals are not long. 

Vital Processes.—The chelura resembles the limnoria that 
vegetarian, and its burrow affords both residence and food. The fact 
that the chelura devours wood for sustenance proved the 
minutely divided ligneous matter found the alimentary organs 
dissected animals. 

Boring Allman’s original study the 
chelura part yet regarded authoritative. states that the 
chelura attacks the wood and reduces minute fragments 
means kind file. 

The Character the Excavation.—Great difficulty has been ex- 
perienced obtaining specimens the work the chelura, and 
those obtained are not sufficient 
warrant many generalizations. 
many particulars the work 
the limnoria and the chelura 
bear such close resemblance 
lead the suspicion that 
these animals are sometimes confused with one another. The excava- 
tions the chelura are slightly larger than those the limnoria, but: 
are conducted much the same manner, the wood attacked en- 
tirely from without. Numerous punctures are made, and then the 
weakened layer succumbs the action the waves, the surface thus 
exposed being turn attacked and the wood destroyed the same 
manner. stated that the excavations the chelura are more 
oblique their direction than those the limnoria, and this cer- 
tainly true the specimens observed. 

The chelura appears prefer sott wood, and their attacks 
made much possible the softer annual rings. The tendency 
toward arrangement perforations lines shown Plate 
The work the chelura differs from that the limnoria, that the 
latter attacks the wood any available point, while the chelura, 
the contrary, prefers the softer portions, and avoids the hard wood 
around knots. found such localities may assumed 
the work the limnoria. 
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The chelura and limnoria are associated with one another the 
American localities which have afforded specimens the former. 
The perforated wood from these localities shows that the limnoria 
were the timber advance the chelura. also shows larger 
individual chelura confined the soft rings. These facts indicate 
that young chelura may first follow limnoria through the hard 
rings, but that they increase size, they turn toward the soft 
wood. They obviously attain full size the larger tunnels. The 
individual chelura appears even more formidable than the 
individual 

The Size the Chelura.—The chelura somewhat larger than the 
limnoria. said that specimens one-third inch length 
have been measured. 

The Range Field Work.—The frequent confusion between 
these two animals, together with the lack American data, leaves 
the question range unsettled. The specimens found Province- 
town were all taken from wood submerged from ft. below 
low-water level. 

The Distribution the Chelura.—The chelura was sought many 
times along the American coast between New Jersey and Nova 
Scotia, but was not discovered until 1875. yet confined, 
far known, the two original localities, Wood’s Holl and Prov- 
incetown, both Massachusetts, but more than possible that the 
animal has escaped observation, and that common the North 
Atlantic coast. The unskilful eye would readily confound the chelura 
with the limnoria, although the two animals belong distinct 
divisions the crustaceans. quite possible that some the 
damage hitherto ascribed other animals has been accomplished 
the chelura. 

The chelura has been reported many places the coast 
Europe, and mentioned existing from South Norway the 
Adriatic. Attention has been called the extent its range. 
destruction attributed this species, and efforts have been 
made substantiate these points, but have thus far been unsuccess- 
ful. may that some European results, attributed animal, 
are deserved the limnoria, probable that some the work 
the limnoria America should attributed the chelura, and 
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more than probable that the animals are frequently associated. 
Efforts discover particular works affected exclusively this form 
life Europe have not thus far met with success. The chelura 
has earned most unenviable reputation Europe, but not 
known which places exists specimen and which pest. 


This species was found the woodwork railway bridge the 
west coast the Indian Peninsula. said that honeycombs the 
wood with cylindrical holes. 


description the pholos may suitably accompany any mention 
marine wood-borers. This animal does not attack wood, but pene- 
trates the hardest stone, and therefore interesting because illus- 
trates the power boring animals. 

The pholos and the teredo are nearly related. The former 
differs from the latter that its shellis much larger and form 
more closely resembles the long clam. Some species this 
animal are much prized the French table luxuries. Others are 
used food the North Pacific Coast. The pholos inhabitant 
many seas; plentiful the English Channel, and found 
many places the American coast. The borings the pholos are 
very instructive from geological point view. The so-called Tem- 
ple Seraphis, near Naples, affords prominent illustration the 
movement the earth’s crust. This temple has sunk the water and 
has then arisen again, the fact submergence being made clear 
the perforations the pholos. The three principal columns are 
honeycombed height about ft., which shows that the 
ocean once covered the columns that height. 

The method excavation has already been described comparison 
with that the teredo. The pholos opens its shell brace itself 
against the sides its tunnel. The long foot pestle, which simi- 
lar that the teredo, emerges and rubs the surface the stone. 
assisted the particles sand rock. The cavity thus 
enlarged accommodate the growing animal. Fig. Plate XXXI, 


Described Mr. Spence Bates the Ann. Nat. His., Vol. xvii, 1886, pp. 28-31. 
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‘shows one the numerous species this animal work upon piece 
sand-stone. Fig. Plate XXXI, shows similar animal perforating 
solid granite. 

The series marine stone-borers very great, and includes the 
numerous species the pholos family, together with other animals 
not related them. One the animals this class powerful 
enemy the oyster industry. Another them destroyed one 
year cargo marble which had been wrecked the North Atlantic. 


BARNACLES. 


The barnacle does not perforate wood, but usually attaches itself 
singly clusters floating submerged wood, and does not in- 
removed from the bottoms ships because impedes 
their progress. Barnacles protect the surfaces they cover. The white 
blotches Fig. Plate XXIV, show the places where barnacles were 
one time attached. Fig. Plate XXII, shows the form the 
barnacle. 

PROTECTION. 


history the attempts preserve wood from the attacks 
wood-borers would voluminous. only necessary call atten- 
tion those methods which have been attended with more less 
success. Most the attempts this direction have been made with 
the idea protecting wood from the attacks the teredo. hap- 
pens, fortunately, that any method insuring immunity from the teredo 
secures wood from other wood-borers well. The methods which 
have been used may classified follows: 

Removal During the Breeding Season.—This method may used 
protect such objects buoys, bathing-houses and row boats. 
only applicable where the breeding season short itis the North. 

Change Water.—Wooden vessels which have been attacked 
the teredo are sometimes hauled into fresh muddy water. The 
animals which have gained entrance the wood are killed this 
means. The suggestion has been made that expensive wood-work 
subjected the teredo surrounded fresh water. 

The Use Selected Woods.—The few varieties wood for which 
claims this particular have been made are not widely known em- 
ployed, and seldom urged that any are permanently exempt. 
Repeated attempts have been made discover some wood upon 
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which reliance could placed, but with meager results. The 
evidence, thus far, favor the palm and the Australian jarrah 
wood. 

External Coatings.—Many the protective methods may grouped 
under the head external coatings, one advantage which that 
the treatment may limited that portion the wood which ex- 
posed attack, while those parts which are below the mud line 
above high water need not considered. This not the case where 
internal treatment used. 

(a) The bark sometimes left upon the wood, and, long 
remains intact, protects from the teredo. This explained the 
reluctance the teredo cross seams. The bark soon loosened 
and removed the waves, however, and the wood then exposed. 
doubtful whether bark serves protection against the limnoria 
and chelura. 

Thin plank, joined closely upon the surface the wood, will 
preserve from the teredo during the existence the plank, but 
affords protection from limnoria chelura, for the plank soon 
honeycombed loosened and the interior woodwork then exposed 
attack. 

(c) Metallic sheathings, such copper and zinc, have been success- 
fully used many places, and the former has proved one the 
most valuable methods protection when placed upon piles that 
when they are driven home the metal extends below the mud line 
and above high-water mark. used upon the bottoms 
wooden vessels and much superior zinc, which quickly acted 
upon the salt water. Metallic coatings are expensive, but are very 
effective, however, protecting against all forms marine borers. 
Surfaces sometimes become coated with barnacles and similar animals 
which afford further protection the wood. 

(d) Teredo worm” nails have been extensively used,* and are 
said have originated with the Romans. They have short spikes 
and large, flat and sometimes square heads. They resemble ordinary 
carpet upholsterers’ tacks, and are driven close together. Accord- 
ing the specifications adopted the Dutch Waterstaat, the nails 
must well forged and not brittle. The diameter the head must 
and the length the tack cm. One kgm. contain 


The Dutch use them height one-half tide. 
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from thirty thirty-four nails. interesting series experiments 
with teredo nails has been conducted the New York Department 
Docks.* Teredo nails are apt rust and thus cause failure. 
was once held that the iron rust impregnation assisted repelling 
the teredo, but this appears have more foundation truth re- 
gards the limnoria. 

(e) Paints, verdigris, paraffine, tar, asphalt and other mixtures 
have been used protectives, but usually difficult retain such 
coatings position. Mixtures which withstand the softening effect 
sea water are likely removed erosion, and surfaces should 
inspected least once year. 

Attempts have been made combine paint mixtures with some 
fabric such burlap wire netting. Asphalt and net have not 
proved successful the Pacific but combination 
paint and burlap used there has attracted attention. After removing 
the bark the surface the pile covered with prepared compound, 
some the ingredients which are paraffine, powdered limestone 
and kaolin. The pile then wrapped jute burlap, and another 
application the compound made. Wooden battens are then 
nailed along the surface, which receives final coat the paint. 
Piles thus protected have been use for ten years the Pacific 
Coast the California State Board Harbor Commissioners, the 
Northern Pacific, Great Northern and other railways, and are said 
have been successful. The coating protects the piles from the teredo, 
limnoria and similar animals, but its duration not, 

(g) Piles are sometimes covered with Portland cement mortar. 
The bark first removed and the wood cleared knots and similar 
projections. The pile then driven its final position. The mortar 

applied several ways. jacket ordinary sewer pipes extending 
from the mud line high-water mark sometimes placed around the 
pile, and the space thus enclosed filled with hydraulic cement. Piles 
thus protected have been put position and observed the Cali- 
fornia State Harbor Board. The coatings were soon found have 
cracked, probably because they were too stiff. Aniron shell mould 
made two pieces, bolted together tightly around the pile has some- 
times been used. The intervening space filled with cement, and the 


Transactions, Vol. xxxi, 235. 
Engineering News, February 8th, 1894. 
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mould removed soon the cement has become hard. The Louis- 
ville and Nashville Railroad treated four thousand piles this way, 
average cost $1.25 per foot length.* The cost repairs 
for the first seven years was comparatively small. The concrete became 
coated with oysters and barnacles and was thus further strengthened. 
The advantage such treatment that can applied after the 
piles have been driven. Teredos orlimnoria may unexpectedly attack 
the wood, and any specimens which have gained entrance can killed 
and others repelled this method. The cost great might 
appear, since the entire length the pile not covered. 

The use sand has been found both effective and low 
priced. Cylinders earthenware pipes joined together special 
cement, are lowered over the pile and pushed into the bottom. The 
space between the cylinder and the pile filled with sand. Any 
fracture leakage made evident the top and can once made 
good. This method was suggested the Louisville and Nashville 
Railroad, and considered improvement their former 
method protection means cement, while the cost, about 
cents per foot, much lower. The method said insure greater 
elasticity and better protection the bottom. Piles treated this 
way the New Orleans and Mobile Division are apparently 
sound when driven, twenty years ago. some cases their tops 
were not covered with pitch when they were sawed off, and the heart 
wood few these specimens has decayed. The outer sapwood 
still remains 

External protection sometimes afforded naturally. The sur- 
face the wood may become covered with barnacles, mussels, oysters 
similar animals, and thereby protected from attack. Sea thorns 
sometimes multiply such extent that the entire surface covered 
their disks, which afford very effective protection. 

Dutch commission, after six consecutive years investigation, 
reported that coatings applied the surface wood seemed insuffi- 
cient; that such coatings are likely injured mechanical means; 
that chemical changes are looked for; and that difficult 
obtain covering which will continue close contact with the 
wood. 


Transactions, Vol. xxxi, 225. 
Transactions, Vol. 221. 
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The subject external coatings may thus summarized Protec- 
tion may afforded long the coating remains intact, but this 
difficult accomplish. 

Internal Treatment.—Many substances, such water-glass, the salts 
mercury and iron, have been suggested substitutes for coal- 
tar creosote, but none these can compare with it, and therefore de- 
serve further notice. 

Creosote supplies the best means for repelling the attacks the 
teredo, limnoria and other sea animals, and also the termite and other 
land wood-borers. The subject creosoting divides itself into three 
parts: the creosote, the method and the wood. 

Creosote substance which contained the second distillation 
coal tar. The first distillation consists light oils, the second, 
creosote, and the third, pitch. Tars differ greatly their chemical 
constituents, and their products distillation. The word cresote, 
therefore, has not absolutely exact definition. has 
chemical symbol, applies fluid, the constituents which con- 
stantly differ. essential that creosote should heavier than water, 
light creosotes have never been satisfactory, and most the failures 
attributed creosote have really been due the use such oils. 

Creosote expected act two ways. introduces antiseptics 

into the wood; also fills the pores with thick, gummy insoluble oils 
and naphthaline. Therefore, second distillate coal tar, which con- 
tains antiseptics and gummy substances sufficient quantity and 
satisfactory quality, should selected. should contain over 40% 
naphthaline, and little pitch possible. may contain 
much carbolic acid likely present this distillate, which 
the minimum 40% naphthaline will injurious, because many 
them may regarded simply vehicles. Heavy oil creosote 
heavier than water, and sufficiently insoluble remain the wood 
for Creosote weighs from lbs. the gallon. The 
United States cannot meet the demand for dead oil coal tar, and, 
therefore, large quantity derived from England. The so-called 
Oil” very thick and heavy. thought one the 
best grades creosote for marine work. 

The method which creosote introduced into the wood most 
important, but any method which will insure thorough impregna- 
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tion will satisfactory. The wood first heated vacuum re- 
move the moisture. The heat manipulated vaporize the 
sap and coagulate the albumens the wood. Heated creosote 
then introduced, and the condensation the vapor the wood causes 
vacuum which, assisted pressure, draws the creosote. gauge 
outside the tank indicates the subsidence the creosote 
passes into the wood. The process stopped the specified 
quantity creosote, usually from lbs. per foot 
wood, has been forced in. 

The selection the wood which receive the creosote im- 
portant. Some woods are more porous than others, and one which 
will permit the free entrance creosote better than one which 
hard otherwise durable. should such nature that will 
protect the creosote after impregnation. Creosote has occasionally 
failed because has not been used connection with wood the 
proper quality. The Georgia pine and the Loblolly pine are the best 
forthis purpose. Green woods are sometimes preferred those which 
have been seasoned, because the condensation the vaporized sap 
assists more thoroughly impregnating the wood. 

Many cases failure are recorded against creosoted wood. 
Other cases are record woods which have resisted first, but 
have succumbed after several years exposure. all these cases 
may assumed that the creosote was fault; that the work was not 
thoroughly done, that the wood was kind which resisted the 
ordinary treatment. well-selected wood, thoroughly impregnated 
with good coal tar creosote, will resist the teredo, the limnoria, and 
probably all other forms life for many years. 

preservation, but should mentioned connection with this sub- 
ject, because the use iron ship-building increasing. 
Were this not so, marine wood-borers would require much more atten- 
tion than they receive present. Iron piles are used some 
extent, and the use iron work marine construction may safely 
said the increase. There are many marine works, however, 
which iron can hardly used substitute for wood. 

The author has received notable assistance from Professor Verrill, 
Yale University; Professor Packard, Brown University; Professor 
Siegerfoos, Johns Hopkins University; the National Museum 
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Washington, and General John Wilson, Chief Engineer the 
United States Army. The New York Museum Natural History has 
permitted the author photograph some its specimens. The 
United States Fish Commissioner has contributed much data, and 
prepared drawings the teredo, the limnoria, and the chelura. The 
New York Aquarium, Colonel William Ludlow, Am. Soc. 
Francis Collingwood, Am. Soc. E., and many others have been 
assistance. 
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MINUTES MEETINGS. 


THE SOCIETY. 


June 1898.—The meeting was called order 20.30 o’clock, 
James Owen, Director, the chair; Charles Warren Hunt, Secretary, 
and present also 109 members and guests. 


The minutes the meetings May 4th and 18th, 1898, were ap- 
proved printed Proceedings for May, 1898. 


Robert Stanton, Am. Soc. E., delivered address enti- 
tled The Cliff Dwellers the Far Southwest; Their Homes, Their 
Agricultural and Engineering Works and Their Military Knowledge 
and Art,” which was illustrated the stereopticon. 
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Ballots were canvassed and the following candidates declared 


MEMBERS. 


Rosert Pittsburg, Pa. 
Barry Monterey, Mexico. 

Conn Chattanooga, Tenn. 
Hurry, Bethlehem, Pa. 
Francis Capetown, Cape Colony, 


FREDERICK ANDERSON New York City. 

tralia. 

Maxson GREENE, New York City. 

McLean Pittsburg, Pa. 

Enos Green Bay, Wis. 

Epwarp Boston, Mass. 

Morton New York City. 


The Secretary announced the election, the Board Direction, 
May 1898, the following candidates 


Joun Jr., New York City. 


WALKER Jr., Tyler, Tex. 

CLARENCE WILLIAM Detroit, Mich. 
CHARLES Allegheny, Pa. 


The Secretary announced the death 
elected Member, May 6th, 1874; diéd, June Ist, 1898. 


Adjourned. 
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June 15th, 1898.—The meeting was called order 20.30 o’clock, 
President Alphonse Fteley the chair; Charles Warren Hunt, Secre- 
tary, and present, also, members and visitors. 


paper Sweitzer, Jr., Jun. Am. Soc. E., entitled, 
Origin the Gulf Stream and Circulation the Waters the Gulf 
Mexico, with Special Reference the Effect Jetty Construction,” 
was presented the Secretary, who also read correspondence 
the subject from Wrotnowski, Thos. Raymond, Alexander 
Kastl, George Wisner and Ripley. The paper was dis- 
cussed orally Messrs. Haupt, Thomas Pitts and Brewster 
Cameron. 


The Secretary announced the programme for the Thirtieth Annual 
Convention, held Detroit, Mich., July 26th-29th. 1898. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


May 31st, 1898.—President Fteley the chair; Chas. Warren 
Hunt, Secretary, and present, also, Messrs. Clarke, Deyo, Morison, 
Owen, Parsons, See and Thomson. 


Reports the Board Direction the Society the proposed 
appointment Special Committees report Rail Joints for 
Standard Steam Railroads,” and Paints Used for Structural 
Work were adopted. 


One reconsideration ballot was canvassed. 
Applications were considered and other routine business transacted. 


Adjourned. 


“ti 
| 
4 
he 
| 
q q 
| 
| 
: 
q 
q 


102 [Society 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society will open every day hereafter from 
o’clock, except Sundays, when the hours will from 
o’clock. 


JUNE NUMBER PROCEEDINGS. 


Owing the change the time holding the Annual Convention 
1898, the Board Direction has decided that the present Number 


Proceedings shall issued, and shall take the place the number 
for August, 1898. 


THIRTIETH ANNUAL 


circular, giving the general programme the Thirtieth Annual 
Convention, held Detroit, Mich., July 1898, has 
already been mailed each member the Society. 

specially requested that members intending the Con- 
vention should notify the Secretary early date possible. 


MEETINGS. 


Wednesday, September 7th, 1898.—The first regular meeting 
the season 1898-99 will held the Society House 20.30 o’clock. 


DISCUSSIONS. 


Discussion the paper Buck, Am. E., enti- 
tled, ‘‘The Niagara Railway which was presented the meet- 
ing May 18th, 1898, will closed July 1st, 1898. 


Discussion the paper Sweitzer, Jr., Jun. Am. Soc. 
E., entitled, Origin the and Circulation the Waters 
the Gulf Mexico, with Special Reference the Effect Jetty 
Construction,” which was presented the meeting June 15th, 1898, 
will closed August 1898. 
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FRANCIS ENSOR 656 


DREDGES AND DREDGING THE MISSISSIPPI 
RIVER. 


PRESENTED THE ANNUAL CONVENTION, 1898. 


The Mississippi River utilized for purposes navigation from 
the Gulf Mexico the Falls St. Anthony, distance about 
000 miles. 


this great length, the character the stream goes through 


various changes, through the influx tributaries and other causes. 


—These papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the and may 
sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 
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order get clear comprehension the controlling physical con- 
ditions different parts the stream, best divide into four 
distinct reaches sections. 

First.—That portion extending from the Falls St. Anthony the 
mouth the Missouri, distance 712 miles. this reach the 
banks are low, and the oscillation between high and low water rarely 
exceeds ft. the upper half this reach the river divided into 
great many sloughs, which serve high-water channels, but are 
often nearly quite dry low water. The water carries but little 
sediment; bank erosion comparatively slight; for miles flows 
through lake slack water ft. deep; the flow two places in- 
terrupted rapids where the bed the stream solid rock; the 
upper portion, the navigable depth low water sometimes gets down 
ft., and navigation usually suspended during the winter season 
for period four months more consequence the river being 
frozen. The low-water slope averages about per mile. The low- 
water discharge about 000 cu. ft. per second, and the high-water 
discharge about cu. ft. per second. High water generally 
comes May and June, and the low-water season usually begins about 
the first September and lasts until navigation closed ice. 

One the rapids spoken of, near Rock Island, 1575 miles 
above the mouth, has been improved the removal rock and the 
concentration the volume dikes and dams. The other, above 
Keokuk, Ia., 445 miles above the mouth, surmounted means 
canal, with miles slack-water navigation and three locks, with 
total lift ft. 

Second.—The second reach extends from the mouth the Missouri 
the head the alluvial basin the lower river, practically 
the mouth the Ohio, distance 210 miles. This reach the first 
take the enormous load sediment put upon the Missouri 
River. Here permeable dikes are their best, and immense deposits 
are easily induced where channel contraction desirable increase 
the depth. The banks are somewhat higher than those the first 
reach, and the effects bank erosion are more noticeable. The ex- 
treme oscillation between high and low water near the upper portion 
this reach some ft.; the low-water slope averages 0.6 ft. per mile; 
the low-water discharge about 000 cu. ft. per second, and the high- 
water discharge about 850 000 cu. ft. per second. low water the 
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navigable depths the bars often reach low Overflows 
are not very frequent, conjunction the floods the upper 
Mississippi and Missouri Rivers necessary produce overflow 
stage. The high-water stages usually occur May and June, and the 
low-water season begins early September and continues into the 
winter months. 

Sand bars are numerous, and the crossings are consequently 
frequent, and their locations are constantly shifting. The river 
washes the rocky bluffs one side the other greater part the 
distance, and Gray’s Point, 1100 miles above the mouth, flows 
through rocky gorge for distance miles. the lower end the 
normal conditions are often complicated back-water from floods 
the Ohio, which causes the sediment deposit, and this prolific 
source annoyance navigation. 

This reach sometimes frozen over for month during the 
winter, but more often free from ice throughout the year. The 
whole reach partakes much the character the Missouri River. 

Third.—This reach extends from the mouth the Ohio the 
mouth the Red River, distance 750 miles. Here the Ohio, re- 
inforced the Tennessee and Cumberland Rivers, comes and con- 
trols the flood conditions the lower river. The Missouri River 
longer dominates, except its mud; the bed the stream now 
through the deposits which has built and torn down repeatedly; 
few points the river held check where strikes the bluffs, 
but for the most part the banks yield readily the eroding power 
the current. one place straight reach becomes excessively wide, 
near New Madrid, the river encroaching first one bank and 
then the other; another place becomes exceedingly crooked, 
near Greenville and above, the continued erosion the con- 
cave bank and the building out the point opposite the bend. The 
caving reaches enormous proportions, the maximum lying about the 
middle third the reach; the oscillation between high and low stages 
reaches over ft. The banks are high; overflows are frequent; the 
sand bars are very large extent; islands and towheads are numerous, 
and the width the river here reaches the maximum; the bars which 
obstruct low-water navigation are not very numerous, and the depth 
rarely gets below ft. these bars, while far the greater part 
the reach has water ample depth satisfy all demands naviga- 
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tion; the river rarely obstructed even floating ice; low-water 
conditions which interfere with navigation rarely exceed four months 
duration, and now and then entire years pass without any serious 
interruption navigation; the low-water slope averages about 0.35 
ft. per mile; the floods usually come February March, and the 
low-water conditions from September December; many the bends 
have depths over 100 ft., and the discharge varies from 000 cu. 
ft. per second extreme low water 000 000 cu. ft. per second 
extreme high water. 

The work maintaining navigable channels through the crests the 
bars means dredging has, far, been largely confined this reach. 

fourth reach extends from the mouth the Red 

River the Gulf Mexico, distance 310 miles. this portion 
the river the channel narrow and deep, the banks tolerably stable, 
and sand bars obstructions navigation are almost unknown. 
far navigation concerned, this reach requires neither contraction 
works nor dredging. Nature has built channel which man vainly 
tries imitate the reaches lying above. Only two islands exist 
this reach, and the last gravel bar near the upper end the reach. 
The upper limit low water only ft. above mean Gulf level, and 
the tidal effect often observed over the whole length the reach. 
The first practicable outlet, for the waters coming down, through 
the Atchafalaya the head The extreme oscillation 
between high and low water the upper end the reach 50.4 ft., 
and this, course, tapers down zero the Gulf. The river this 
reach carries the burdens all the tributaries coming from 
drainage area square miles. The destructive floods in- 
variably come from the Ohio basin, augmented times the 
tributaries below the mouth the Ohio River. 

The characteristics the reaches described are pronounced, and 
they differ widely make the improvement each problem 
itself. The last-named reach should perhaps have terminated 
the Head the Passes instead the Gulf, miles farther down. 
Where the current the river meets the slack water the Gulf 
Mexico, bars are formed which require special treatment. 

general view the conditions has been presented order 
make plain that the problem involves different treatment different 

reaches the river, 
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MISSISSIPPI RIVER 
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Sand Bars Obstructions Navigation.—It not easy find 
satisfactory explanation why sediment piles ridges instead 
being distributed evenly over the bottom. These ridges sand 
are usually found what steamboatmen call crossings that is, 
the path followed boats when crossing from pool lying bend 
along one bank the pool the bend the opposite bank. These 
bars may piled such extent that during high even 
medium stage, their crests may actually several feet higher than 
the surface the water low stage. The thread the channel 
high stages does not follow the low-stage channel, but crosses and re- 
crosses it. 

The first effect flood, with its increasing velocity, erode 
the bed and banks and add the material the load already carried 
suspension. This continues until the crest the flood reached and 
the decline The load now too heavy for the diminishing 
velocity and the burden rapidly deposited and obstructions are 
formed which, later, prove serious hindrances navigation. When the 
river reaches low stage these act dams hold the water the 
pools. the crossing dam thereby increased, and 
likewise the velocity. The crest the bar consequently cuts out, and 
this cutting confined one channel good navigable depth may 
the result. the bar wide and flat there will probably 
several insignificant channels, none which answer the purposes 
navigation. These must concentrated contraction dredging, 
both. 

Fig. shows rather complicated case. This near Point 
Pleasant, Mo., about miles below the mouth the Ohio. The 
general course the river this section straight for several miles. 
The width unusually great, due erosion both banks. The 
channel consequently shallow and shifting. Fig. the pools are 
shown parallel shading, and the figures indicate the depths. The 
upper pool comes down the right bank and terminates The 

problem then reach the pool over the reef which separates the 
two pools. When that point reached, navigation the lower end 
the pool Cis easy. Then comes another crossing followed 
narrow broken Another crossing, and the fourth pool 
reached Here there abundance water then jump- 
ing short reef into the deep pool andthis bad stretch naviga- 
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tion passed. Another route more less merit might have been 
found from the pool B-C the shore pool then following 
this long pool and over the reef 

Fig. shows simpler case and one most frequently met. The 
problem simply cross one reef lying between the upper and lower 
pools. Having crossed this, the depth ample for several miles both 
above and below. 

The problem then resolves itself into opening channels through 
the reefs between the successive pools. the pools lie the 
bends and the channel line crosses from one bank the other. 
ing the greater part the year—say about nine months—the depth 
the river below the Ohio ample for the requirements navigation. 
During the other three months navigation sometimes practically 
suspended the third reach account shallow water. Whatever 
done the way opening the reefs such times answers for one 
low-water season only. The next flood probably changes the thread 
flow such extent cross the opened channel and obliterate 
completely. This repeated with each high and low stage. 

far, the problem seems simple enough. The only thing neces- 

sary open cut through the reef, composed principally loose 
sand; but there are other difficulties familiar only the engineer who 
has been taught long observation and experience. While this 
artificial cutting going on, Nature doing some cutting her 
own account, but such gigantic scale that the work the largest 
centrifugal pumps seems insignificant. the time the engineer gets 
what considers dredge enormous capacity into position open 
from Nature perhaps changes her mind and 
channel her own down along the shore (Fig. 1); or, what 
would worse, throws such volume deposit over the bar A-B 
that the dredged cut filled fast the material can removed. 
this tremendous volume material that moved along the 
bottom the current, complicated unforeseen, subtle changes 
direction and force flow, that often mocks the best efforts the 
engineer. 


That the difficulties the problem are not generally understood 
appreciated manifest from the many simple solutions offered 
inventors. Men who have never seen the river are prolific devices 
for remedying all defects trifling cost time money. They are 
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means alone the matter, for the men who have spent life- 
time the river steamers also have ideas, sometimes very good ones, 
which they have developed and confided the Patent Office. One 
inventor appeals the Secretary War for some ‘‘secret position,” 
where can study the currents the river unobserved. says 
mation.” Furthermore, believes there some 
going which might expose. hesitates about giving his tal- 
ents the world, but says willing confide the Gov- 


DREDGE BOAT 
APPLICATION SCRAPERS 
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OR DOWN —STREAM SIDE 


ernment.” further says: has been the mother 
invention with me. Hydraulic engineers may oppose and discourage 
project and design, calculated away with their work.” 
With his device, Louis would port for loading vessels direct 
from forring ports.” 

The necessity for some suitable device for the removal sand 
bars has long been felt. Some thirty years ago board engineers 
recommended that prize $100 000 offered for the best device 
for removing obstructing sand bars from navigable streams. 
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though Congress did not carry out their making 
the necessary appropriation, great many inventions have appeared 
from time time and have been tendered the Government for use. 
description some these may interest. 

These devices can divided four general classes, viz., stir- 
ring and scraping, current deflectors, jets and the suction dredge. 


STIRRING AND DEVICEs. 


(1) About the earliest application this principle the Missis- 
sippi was 1867, when was decided improve Pass Loutre 
means excavating and stirring harrowing the minute alluvial 
material deposited from the heavily laden waters the river. 
this work double-ended dredge boat, having excavating screw 
with four blades ft. diameter, was used. This screw was similar 
ordinary propeller wheel and was similarly mounted. was 
turned means double engine the rate revolutions per 
minute. reached depth ft. below the keel. The work the 
screw was made more effective means auxiliary scraper at- 
tached the up-stream end the boat either side the keel (Fig. 
3). The boat was moved down stream over the bar with the screw 
operating and the scrapers position. this way some the bar 
material was again brought into suspension and carried off into deep 
water the current. 

During the first month’s work with this dredge the depth was not 
materially improved. Later, better success was realized. little 
less than two months the depth was increased from ft. The 
chief difficulty seemed weak propeller blades, which were fre- 
quently broken and could only renewed docking the vessel. 

This device was intended cut out and maintain 20-ft. channel 
through the bar the mouth the river. 

(2) Southwest Pass the same result was expected from the use 
conical screws attached the bow suitable boat. These cones 
were ft. long and ft. diameter their bases. They were set 
that their points came together the boat’s stem and their bases 
were separated cover width ft. from out out. Their 
axes were horizontal, the salient angle they formed being foremost. 
The flanges the screws were ins. wide the base the cones 


and diminished ins. the points. 
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When these enormous screws were put motion was very diffi- 
cult guide the boat. The material was readily plowed up, but 


not broken sufficiently fine carried away the current. 


(3) 1867 there was appropriated the sum $96 000 for the con- 
struction and operation two scrapers dredges the upper Mis- 
sissippi, between St. Paul and the mouth the River. 

The first efforts made remove sand bars means the scrapers 
invented Col. Long was the fall 1867. These scrapers consisted 
frame attached the bow boat and carrying heavy cross- 
bar, which were attached steel buckets cutters. This frame 
could raised lowered will. operating, the boat went the 
upper side reef, the scraper was lowered and the boat was then 
backed slowly down stream, scraping the sand with down deep 
water below the reef. This operation was repeated until the desired 
depth was obtained. 

Two side-wheel steamers, the Montana and the Caffrey, were 
equipped with these scrapers the Government, and, for time, the 
steamboat owners operated scraper boat between Keokuk and St. 
Louis their own expense. 

The Montana was 210 ft. long, ft. beam and ft. depth hold. 
She was equipped with two engines having 20-in. cylinders and 
stroke. The Caffrey was 150 ft. long, ft. wide, ft. hold, with 
draught She had 15-in. cylinders with 5-ft. stroke. 

This last boat was equipped and ready for work October, 1867. 
Her first work was bar near Gray Cloud, miles below St. Paul. 
ft. could carried over this bar, and the regular packets 
could not cross it. After about four hours’ work with the scraper the 
depth was increased ft. entirely across the bar. The scraping 
was continued for two days and depth ft. was secured. No- 
vember 15th all the bars between St. Paul and Prescott had been 
scraped and the depths increased ft. that date the 
packet companies notified the engineer charge that the scraping 
had removed all obstructing bars and that more work was required. 

1868, when navigation became difficult, the scrapers were put 
into commission and worked throughout the season. They succeeded 
deepening the bars from ins., and this was generally accom- 
plished with few hours’ work. Beef Slough was deepened from 
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the whole, the results were satisfactory that steamboat 
owners announced that their boats had been making regular trips 
without interruption, condition affairs never before known 
this stage river the experience pilots years’ standing.” 
The largest steamers had been able reach St. Paul the low-water 
season during two successive years, when without the aid the scrapers 
they would have been obliged tie up. Steamboat men said: 

scrapers can relied increase the depth over the 
crests the bars low water from ins. This nearly doubles 
the carrying capacity the boats now use.” 

This scraping was continued for several years cost about 
$20 000 per annum for each steamer, but the relief was only tem- 
porary and had repeated from year year, finally gave place 
the so-called permanent improvement, consisting mainly channel 
contraction. 

should borne mind that the portion the river wherethe 
scrapers were used, the obstructing sand reefs are 
quite short. 

(4) excavator for water courses having consists 
horizontal shaft attached the stern boat, and fitted with 
series serrated metallic disks ins. diameter. Each disk has 
cutters teeth, which are turned alternately opposite direc- 
tions. These disks are revolved the necessary machinery, the 
rate 100 revolutions per minute. The bar removed cut out 
running back and forth until the required depth obtained. 
claimed that this device found highly efficient raising deposits 
channels and separating the earth into small particles that may 
carried off the current,” and that the amount work can ac- 
complish given time ‘‘equal that 249 common bucket- 
dredging machines.” 

well note that these claims are not based actual trial 
practical work. 

(5) ‘‘submarine plow,” attached means timbers the sides 
boat, aims plow out furrow inthe bar. Spiral springs are at- 
tached the timbers holding the plow force down its 

work, and that will adapt any irregularities the bottom. 
The efficiency the plow increased water-jets forced into the 
furrow for the purpose breaking and scattering the deposit 
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moved the plow. Beyond this, the relied carry the 
deposit deep water. 

(6) consisting horizontal revolving drum made 
boiler iron, with series plows and scrapers attached its con- 
vex surface, conspicuous among the earlier inventions. The 
revolving drum ft. long, and suspended journals near its ex- 
tremities. revolved means two 35-H.-P. engines, which 
operate the drum through gear wheels acting large cog wheel en- 
circling the drum half way between 

The scrapers are set spirally the drum for the purpose carry- 
ing the material outwardly each way from the middle. When the 
material reaches the end the drum supposed that the current 
will take and carry away, leaving cut equal length 
drum. The drum and its shaft are attached the stern 
boat. this case the attachment rigid, and the depth adjusted 
means water-tight compartments the boat which can filled 
and pumped out will. 

operating this device the boat dropped down bar with 
bow end upstream. The drum then made revolve the boat 
moves down the reef. means anchors and lines attached 
windlasses, the boat drawn stern foremost down across the bar 
rapidly the scrapers the drum loosen and remove the deposit. 
was supposed that the excavated material would thrown from 
the ends the drum with sufficient force carry entirely free from 
the cut, and was estimated that sand this device could make cut 
ft. wide and ft. deep the rate 150 ft. per hour. 

moving from one bar another the drum used propel the 
boat, which this way, was claimed, could travel the rate 
miles per hour. The estimated cost craft this kind was $25 000. 
crew men was required operate it. 

Like many others, the merits this device were never tested 
actual work sand bars. 

(7) Another consists two arms, each ft. long, 
placed parallel each other and hinged their middle points the 
stern overhang side-wheel steamer. the outer extremities 
these arms fastened cross-beam, which hinged the scraper 
backing, which rectangular shape and made boiler iron prop- 
erly stiffened. Several scoop-shaped scrapers and plows, placed 
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alternately, are attached the lower edge the backing. From each 
end this cutter chain leads the steamer for the purpose tak- 
ing the strain and regulating the inclination the scrapers. The 
scraper raised lowered tackle leading from the inboard end 
the arms drum the deck the steamer. 

With this scraper the boat moves over the bar from its up-stream 
side and with head down stream. The sand thus scraped down 
the deep water. The operation repeated until sufficient depth 
obtained. 

(8) steam circular sand bar was brought public 
notice 1878. This machine commended itself ‘‘account its 
With it, the inventor says: 

There need costly engineering and surveys, examina- 
tions made and commissioners report what necessary 
lower edge sand bar lowering the wheel the required depth, 
channel may cut through remarkably short space time, the 
current the river carrying away the sand displaced the revolving 
toothed wheel.” 

This machine was also intended for opening channels through ice. 
was claimed that could cut its way through solid ice ft. 
thick the rate 4to miles hour, and thus open channel wide 
enough for 

harbors the world heretofore closed ice from 
months the year can kept open that ships can sea every 
day the One these boats oneach caral level would keep 
them open commerce during the winter.” 

Offers were made guarantee” ft. water the channel 
the Mississippi River from St. Louis the driest season, with 
one costing $40 000. 

The advantages this invention the commerce the world 
beyond computation.” 

(9) Another scraping device consists steel hull with wedge- 
shaped prow, with auxiliary wings attached. This was intended 
act something like huge snow-plow, the wings deflectors being 
designed carry the loosened material far out each way from the cut. 
Jets were also provided loosen the material. 

actual operation the hull sunk the bottom admitting 
water, and then pulled powerful towboats. The wedge- 
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shaped prow buries itself the sand, which pushed along the boat 
moved, and finally finds its way out the ends the deflectors. 
moving from one bar another, the boat first floated pump- 
ing the water out. This comparatively new device. 

(10) Another comparatively recent device consists gigantic 
harrow having water-jet the extremity each tooth. The press- 
ure chamber forms the frame the harrow. This harrow was 
attached the bow boat and provided with suitable rigging 
and winches means which could raised lowered will. 

(11) Adifferent design, or, inventor calls it, Means for deep- 
ening the channels rivers,” consisis four circular 
agitators, revolving vertical shafts passing through the hull and 
operated the necessary driving engines and gearing. Each screw 
can raised lowered independently, required. These screws are 
intended loosen the material, and the natural current supposed 
the rest. The forward pair screws are smaller than the 
others, for the purpose first opening small channel, which 
widened the two which follow. The boat moved back and forth 
until the required depth reached. 

was claimed that four boats equipped this way could make and 
keep open channel ft. deep between St. Louis and Vicksburg. 

(12) similar that described Section 10, at- 
tached the bow boat, and has vertical shafts with scrapers 
the lower end which are revolved means belts. The depth 
the shafts regulated screw the upper end each. This 
device also relies the current carry off the loosened material. 
The inventor says that The revolving cutters cut the material 
and churn and stir considerable extent, that will carried 
away the current.” 

Another ‘‘channel plow” inventor has device which 
claims will produce 


mean smooth bottom, circular form and non-resisting, which 


will sufficient width and depth contain and carry off within 


banks the greatest floods, resulting the disappearance all snags, 
sawyers and bars.” 

will Provide steady flow tranquil waters all seasons and 
stages.” will cause Total cessation overflows and the conse- 
quent reclamation many river-bottom lands, and that, too, without 
the aid levees.” 
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This, certainly, covers the whole ground. The earnest efforts 
all hydraulic engineers are directed toward the accomplishment the 
results set forth, but none them are confident success the 
inventor seems be. 

(14) One the latest devices offered, solve the problem re- 
moving sand bars, made the form conveyor such used 
mills and elevators, but, course, much larger size. This spiral 
screw has blades several feet wide attached hollow shaft, and 
made sections length. These sections are strung 
steel spindle until the whole screw sufficient length reach 
across the bar. utilize this device, dropped down over the bar, 
and, when proper position, held place means anchors 
piles connected with wire cable the upper end the spindle. 
It, course, trails down stream parallel the current, and the pressure 

the current against the blades causes the screws rotate. this 
way the sand loosened and conveyed the pool below the bar. 

All the power required this case derived from the current, and 
the screws themselves are comparatively inexpensive, this would 
very economical method cutting down bars the inventor’s ideas 
were realized. 

(15) simple arrangement, intended make each boat independ- 
ent outside aid when shoal water encountered, that which 
the hull the boat provided with wings, which, when not use, 
fold closely against the sides. approaching shoal the wings are 
opened and portable dam thus formed which raises the water; 
and this, addition the pressure the wings, enables the boat 
ride safely over what would otherwise impassible barrier. 

(16) The ‘‘automatic sand consists stern-wheel boat 
which attached horizontal shaft bearing number cutting 
disks, constituting dredging wheel. The extremities this wheel 
shaft are connected bars shaft extending across decks near the 
bow the boat. convenient hoisting drum serves raise and lower 
the cutter. The cutter has considerable weight, and the hooked cut- 
ters penetrate the sand, which loosened and lifted where the 
current catches it. the boat moved over the bar with the cutter 
lowered the bottom, the cutter wheels roll along the bottom. 

(17) Another scraping device consists suitable boat provided 
two long parallel booms spars across decks about amidships. 


| 
fr 
ste 
tee 
car 
ren 
4 


Papers. OCKERSON DREDGES AND DREDGING. 


These booms project about ft. out from the sides the boat. The 
ends the booms are braced and are supported guy lines leading 
central mast, and alsoa second pair guys leading the bow 
and stern the boat. The wings are hinged each side the boat 
the forward boom. They extend from the side the boat out 
the end the boom, and are wide enough reach the bottom when 
let down bar which desired deepen. The lower edge 
these wings weighted and provided with teeth plows which pene- 
trate and stir the material. Guy lines, leading from the lower edge 
the wing winches deck, serve hold the teeth contact with 
the bottom. When not operation the wings are lifted flush with 
the deck means tackle attached the rear boom. 
operating this device, the boat moves down stream over the bar, 
carrying the sand with over the reef. The current acting the 
wings helps the boat along. This operation repeated until the de- 
sired depth secured. 

(18) Another device ‘‘dredging for use working 
out the channels rivers and removing sedimentary formations 
from the beds running streams.” 


The agitators are called 
wipers.” 


These agitators are attached the stern side-wheel 
boat and are operated means bevel gears arranged re- 
volve the wipers opposite directions. They are hung cross- 
shaft which admits their being raised lowered. The wipers are 
made with spiral flukes, that the lower points will enter the deposit 
first and then draw upward, thus lifting from the bottom, and dis- 
integrating that the current can carry away. The number 
agitators will depend the magnitude the work. The boat 
moved back and forth over the bar, with the agitators work, until 
the required depth has been obtained. 

(19) ship’s drag for dredging rivers device attached toa 
steamboat barge and dragged over the bar deepened. The 
teeth rake and stir the bottom such extent that the current 
carries the material away. The teeth the drag are rounded front 
and have groove the back. The object this groove form 
eddy and thus aid keeping the matter suspension until the eur- 
rent takes up. The frame holding the teeth can separated into 
several jointed parts means hinges, and this way the scraper 
will conform the shape the ground over which moves. 
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CURRENT DEFLECTORS. 


(1) The most pretentious current deflectors for 
Deepening River Channels,” invented 1879. The object this ma- 
chine the current river downward, and thus cause 
the said current deepen the channel.” This consists boat 
which attached triangular box which can lowered point 
near the bed the stream, the axis the box being right angles 
the boat and the current. The up-stream edge the box has flanges 
for regulating the flow. 

operating this machine moved across the bar, either 
down stream. The current strikes against the inclined side the box 
and thereby deflected downward, which causes impinge against 
the bed the river and wash away the sand toa considerable depth. 
case the bed composed clay not easily abraded, first 
loosened means revolving toothed cylinder, and then carried 
away the deflected current. The held position against 
the current means arms pivoted the boat, the lower ends 
resting the bottom. wheel front the device suffi- 
cient diameter show above water when resting the bottom. The 
object the wheel bring samples the bottom the river 
that the engineer may know the exact kind bottom there 
each point,” and conduct his operations accordingly. 

The device further provided with graduated disk attached 
rigidly the arms supporting the triangular box. center 
the disk pivoted weighted pointer which will always hang vertical 
and hence show the inclination the box supports and conse- 
quently the depth water. The inventor also provided automatic 
recording device which would plat the profile the bottom the 
boat passed over it. 

moving from one bar another the deflecting box raised 
above the surface the water means lines attached the rear 
arms. Just how this accomplished not clear. 

(2) Another device for deflecting the current downward the bed 
inexpensive and efficient device for deepening the channels rivers, 
removing sand mud therefrom and for preventing the formation 
sand bars.” results are accomplished means 
several parallel plates different lengths which are set angle 
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with the vertical, but having the lower edge the plates the same 
plane. These plates are securely held suitable frame, and the 
whole supported short legs. 

This frame, with the attached plates, set the bottom the 
stream with the plates inclined The current, striking 
the plates, deflected downward and thus produces scouring effect 
the bottom. When sufficient depth has been secured moved 
new position. Thesize and number these devices used 
is, course, governed the magnitude the channel desired. The 
device handled from suitable boats barges. device simi- 
lar this was used the improvement the South Pass with some 

throw the current against the bank. the formation sand 
bars, this inventor says that all that needed suspend near the 
bottom plates with perforations the angle. The current 
caught the open arms the plate will escape through the perfora- 
tions with force enough keep the sand the move. 

(3) Another device for regulating the flow streams,” deepening 
the and removing obstructions also intended the 
current downward against the bottom. consists frame having 
suitable number cross-bars divide the interior space into cells 
proper size, depending the magnitude thestream. The upper 
surface the frame and cross-bars are filled with teeth, which, to- 
gether with the cells, obstruct the even flow the water and produce 
suction eddy the current.” This increases the mo- 
mentum gravity the water and causes itself vio- 
lently” through the orifices between the cross-bars and thus churn 
and wash away the bed the river. this way the sediment com- 
posing the bottom agitated such extent that the stream com- 

The device can made any number sections joined together 
chains and anchored the bottom the river. this way, 
said, bars can prevented from forming and the bed the river can 
depressed any desired extent. 

perhaps well note here that the principle the 
foregoing devices, and which relied upon erode the bottom, 
found several other devices where expected induce deposit. 
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the current can deflected downward and erosion produced, then 
barge anchored over reef should produce similar results, the 
current striking the end rake would deflected downward. 
practice, well-known fact that barge anchored shallow 
water will very soon cause the sediment deposit. dredging, the 
plant never left the cut for any great length time when the 
pumps are not operation. break-down occurs which necessi- 
tates extensive repairs, the plant swung out the cut that the 
current may have free access it. 

Nearly all the current deflectors proposed are intended deflect 
the current laterally, and for this purpose inventors have brought out 
jetties various kinds. 

(4) simple and efficient jetty deflector made driving piling 

along the desired line intervals about the up-stream 
side the piling small flat boats ft. size are lashed 
continuous row. Corrugated steel aprons ft. size are hung 
over the upper side the flats considerable angle with the river 
bed, allow for straightening the bottom scours out. The 
corrugated sheets steel are stiffened three angle bars 3-in. 
section firmly riveted each sheet. The jetty also constructed 
without the beats attaching the piling stringer which the 
plates are hung. 

This jetty has been used with success between the Missouri and 
Ohio Rivers. Twelve hundred feet jetty was built one locality 
four days with force twenty-two men. cost about per 
running foot. The effect was almost immediate. The water was 

similar jetty has been proposed with the substitution canvas 
for the steel plates and omitting the use the flats. this device 
proposed make curtain canvas, say wide and 100 ft. long; 
one edge and the seams reinforced sewing hemp rope 
suitable size with good lashings the edge. other edge chain 
reefed sail. order use it, the driven before. The roll 
canvas stretched across the up-stream side the piling above 

water and lashed each pile. When everything ready the reef lash- 


ings are cut and the weighted edge causes the canvas unroll 


Report Chief Engineers, A., for 1896. 
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and sink the bottom. The the chain insures close 
contact with the bottom. many lengths curtain can used as. 
may found necessary. 

(5) Similar are made portable means 
boats which admit dropping sheet-piling down between the hulls. 
When desired deflect the current, cut off side chute, num- 
ber these boats are placed position, end end, until sufficient. 
length obtained. These are known the King jetties. 

(6) Another way accomplishing the same result means 
steel barges suitable length, known the Marsh jetties, which 
designed sink filling with water. The ends are wedge-shaped. 
and the sides are straight, that one boat may lapped and fastened 
the next, and until sufficient length has been obtained. 


this way the current will effectually deflected the channel which: 
requires deepening. 


When the desired results have been obtained the water pumped 
out the hulls, which are thus floated and are then ready for 
bar (see Fig. 4). 

(7) Another inventor, somewhat earlier than the last named, hit upon. 
wooden sinkable deflector and plow, means which the 
sediment, etc., the bottom the river will sufficiently irritated. 


enable the current carry off.” The jetties consist strong 


wooden boats triangular cross-section, the apex the triangle 
ing the keel. These designed from 500 600 ft. long.. 
The plan would also triangular, the greatest width being 
middle and then tapering off toward each end, which terminates 
strong timber head. The upper portion open, with occasional cross- 


bracing. order use this jetty towed the point desired and 
then sunk filling with water. 
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order secure the required length several may sunk with 
slight overlap. this way the current supposed deflected 
cut out bars, even make cut-off required. When the work 
done the jetties are floated pumping out the water. claimed 
that they can and removed two hours.” 

attachment termed plow applied the towboat which 
handles the jetties. Its function loosen the hard material 
that the current from the jetties can get hold and carry away. 
This plow can raised lowered will, suitable winches which 
are provided for that work. claimed that the use these 
devices rivers can plowed depth ft. 

(8) Some inventors have directed their energies toward the use 
material hand. One the earliest this kind deflector pro- 
posed was made huge trees with branches intact, and sunk the 
desired place means heavy weights attached the butts, while 
the tops were free take the direction the current. row such 

trees are sunk side side, and, need be, others are added top. 
This not intended stop the flow extent form 
eddies, but sufficient silt the stream below the dam and 
the water the desired channel, and cut out the bar against 
which the current directed. 

(9) Another inventor uses similar trees different manner, 
which claims ‘‘Is founded natural and therefore correct prin- 
ciples, correct, widen, deepen and confine the channel the 

this system the trees are sunk before, but the tops must 
placed stream catch the small drift and sand, which very soon 
accumulates and fills dike. may place with 
piling. This jetty intended induce rapid deposit, which soon 
forms around the trunks the trees, Firmly anchoring them the 
bottom the branches are next surrounded and covered sand, com- 
pleting natural process the indestructible and impregnable 


AND AUXILIARY 


Several jet devices have been proposed which aim make each 
steamboat independent any general improvement the channel 
providing suitable jets which will enable the boat work its own way 
through the bars. 
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(1) One these jet devices consists two double-acting pumps 
which force water through 3-in. nozzles arranged symmetrically 
about the bow the boat. reaching shallow bar, the force 
pumps are started, the jet valves are opened, and the boat pushed 
ahead the sand yields the eroding force the jets. this way 
the boat carries pool with her across the reef, and the same time 
will probably improve the depth for the boat that follows. 

(2) Another device aimed accomplish the same result with dif- 
ferent kind pump and different arrangement the jets. was 
claimed for this invention that its use would make channel improve- 
ments with dredges, contraction other means entirely unnecessary. 
this scheme each steamboat was equipped with centrifugal 
pump with capacity about galls. per minute. 
pipe was designed run the whole length the hull along the center 
truss. The jets emanating from this pipe were arranged discharge 
along the lower line the hull directly the sand. The jet nozzles 
were arranged that they could direct the stream either forward 
backward, always act with the current, whether the boat were 
going stream down. 

When the boat reached bar the pump was started and the 
jets opened, the boat being constantly forced ahead until finally car- 
ried over the reef. The estimated cost this attachment was only 
000 for each boat, while the cost delays single trip caused 
grounding might readily exceed this amount. 


urging the utility this method the inventor makes the follow- 
ing statement 


cannot expected that the Government will every year spend 
thousands dollars remove sand bars which re-form every 
flood. Those interested river navigation ought make themselves 
independent such obstructions and Government aid, but they will 
not entertain the idea until forced to.” 

Admitting that these devices would enable single boat force 
its way through obstructing sand bars, there still remains the great 
bulk traffic which moves barges, that cannot carried over 
the methods proposed. 

(3) Another jet device, intended remove the obstructing bar, 
called ‘‘Submarine plow hydraulic apparatus for removing sand 
bars.” consists several jet pipes fixed drag frame which 
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pivoted the bow stern suitable boat. Each pipe terminates 
three jets, one which points downward and loosens the material, 
while the other two are bent pick the loosened material 
and carry upward where the current will take and move along. 
The combined force the current and the jets carries the particles 
sand some distance before they come rest. The curve each jet 
pipe filled with web, that strikes log other obstruc- 
tion will slide over without catching. The whole device pro- 
vided with tackle and winches conveniently arranged raise lower 
the jets, and suitable pressure pumps supply the necessary water. 

claimed that vessel with 500-H.-P. equipment this kind 
can erode depth ft., taking out cross-section sq. ft., 
the rate miles hour, throwing the sand and gravel the sur- 
face ft. water. 

This device was used Gedney’s Channel, New York Harbor, but 
was abandoned account the slack current ebb tide and the 
influx material flood tide. 

(4) Water-jets were used with marked success Horse Tail Bar, 
near St. Louis, 1881. Four pile-drivers were lashed two abreast 
with their heads together. Each one these drivers was equipped 
with Worthington duplex pump with steam cylinder and 
4}-in. water cylinder having 10-in. stroke. The capacity was about 
165 galls. per minute each. The four jets were brought together. 
Anchors were laid and the drivers were pulled back and forth across 
the reef with steam windlass, all the pumps working the mean- 
time their full capacity. ten hours’ actual work this way the 
channel was deepened from ft. 8.3 ft. for width ample pass 
the largest tows. 

(5) 1896 jet dredge was constructed under the supervision 
Major Thos. Handbury, for the work between St. Louis and Cairo. 
The main features are two 15-in. centrifugal pumps driven direct- 
connected 14-in. engines. The steam furnished two 4-flue 
boilers ft. long with 42-in. shells. This machinery mounted 
suitable barge. 

The suctions lead over the sides the barge, and the discharge 
leads over the bow. The capacity 20000 galls. per minute. This 
water forced, through four 12-in. discharge pipes with flattened noz- 
zles, against the sand, which thus stirred and washed into deep 
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water. The attack from the up-stream side the bar, and the boat 
dropped down, with jets operation, until the lower pool 
reached. This operation repeated until the desired depth ob- 
tained. The plan and elevation the bow this jet dredge shown 
Fig. 

short reefs, this device reported quite efficient. Where 


the reefs are considerable length the accumulation sand 


the jets becomes too great moved economically this way. 

(6) far the most pretentious improvement scheme means 
jets, yet proposed, the Adams Flume,” the construction which 
was authorized Congress 1879. The purpose this device was 
Establish permanent channel the Mississippi River from St. 
Paul the Gulf distance some 000 miles. 

consisted triangular iron tube with sides about ins. 
The different lengths this pipe were provided with flanges both 
ends, that they could bolted together, rubber gasket being placed 
each joint give the pipe sufficient flexibility adapt itself the 
undulations the bottom and the curvature the channel. The 
pipe was divided longitudinally into two compartments means 
metal partition. The lower compartment was provided with 
jets intervals ft. Clear water was pumped into the upper 
means suitable valves the water could let into the lower com- 
partment and through the jet pipes; then, the language the in- 
ventor: 


stirs the sand, holding suspension till the current car- 
ries off some low place where forms banks The 
number jets opened any time governed the press- 
ure. Where there any obstruction opened like battery; 
sand, gravel moderate hard-pan can stand lay this 
pipe one unbroken line the center the river from its head 
the Gulf, will scour channel the necessary depth and width 
throughout and keep open all through.” 

this work one small Worthington pump was considered 
cient for each 100 miles pipe. Clear water was said have greater 
eroding power than water containing sediment, and order secure 


it, the river water was allowed flow into tank well attached 


the boat and the pump took its supply from the well. Just how the 
sediment was eliminated this process not altogether plain. 
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More than eight years and about $40 000 were spent attempts 
prove the practicability this device, but the project was 
finally abandoned without ever laying foot pipe the river 
channel. This large waste time and money cannot charged 
the engineers, for Congress, through the Secretary War, dealt di- 
rectly with the inventor, the law requiring that the device should 
made and tested under his supervision and direction. For five years 
the were going on, the expenditures 
having reached the sum $27 500. One locality after another was 
agreed upon suitable for the trial, but there was always something 
prevent actual test. Another appropriation was 
made, and the were continued for several years more 
without results any kind. board engineers was then appointed 
examine and report the advisability continuing the experi- 
ments. Their conclusions were that could not successful even 
small scale. 

The engineer officer charge the district was instructed 
take charge the work pertaining the flume. The only thing 
found show for the $40 000 was small amount sheet-iron pipe 
made for experimental purposes, and little none this was com- 
pleted and ready for use.* 

(7) The removal bars means blasting has been tried, but 
with unsatisfactory results. Torpedoes, loaded with 160 lbs. 
powder, have been exploded depths ft. below the surface 
the sand, but the results have invariably proved disappointing. 
Large quantities powder tin canisters laid the crest the 
bar have been exploded without materially improving the channel 
depth. 

the foregoing pages the author has attempted give brief ac- 
count the various devices which have been offered solve the 
cult problem improving the low-water navigation the Mississippi 


River. few the devices have been actually used, and still fewer 
have been moderately successful. 


The Long scrapers used the upper Mississippi some years 
ago were pronounced satisfactory, although the best they could 
was increase the depth over short reefs About this 
time the use temporary expedients gave place system per- 


Report Chief Engineers, A., 1888, 1488. 
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manent improvements, consisting the closing chutes, the-con- 
traction wide places means jetties dikes, and the revetment 
banks. The inauguration this policy, the exclusion tem- 
porary expedients for channel improvement, was evidently mistake, 
due probably the fact that the length time required the so- 
called permanent method before tangible results could realized 
very much underestimated. 

the meantime, competition railway lines along the banks 
the river, and difficulties navigation, threatened annihilate the 
river traffic. Steamboat men saw their profits dwindling, their busi- 
ness gradually dying out, and they urgently appealed for relief. They 
could not wait for the completion permanent improvements. Im- 
mediate temporary relief must found, the river great com- 
mercial highway must abandoned. was response this ap- 
peal that temporary channel improvements were again taken and 
were finally, after several years agitation, made obligatory Con- 
gress, for the lower river, the River and Harbor Bill June 3d, 1896. 

the expedients which were tried suggested for temporary im- 
provement the channel, and which have been described the pre- 
ceding pages, the chief defect lay relying the current carry 
off the material after was loosened up. was generally thought 
that the crest bar was thoroughly loosened up, current would 
carry the material away, and thereby the depth would increased. 
Engineers very soon saw that but little additional depth could 
gained this way. 

River men still talk sand bar, and believe that 
prevents erosion the current until broken scrapers other 
means, and that after this done erosion rapid and effective. One 
the members this Society was probably among the first recog- 
nize the necessity carrying the spoil out the channel artificial 
means. 1870, after experimenting with dipper dredges some time, 
Robert McMath, Am. Soc. E., reached the conclusion that 

The successful use sand pumps and hydraulic conveyors and 
distributors débris inclines the opinion that combination 


possibly better adapted the work river improvement than any 
means yet used.” 


1883 plant was provided for dredging the Mississippi River 


above the mouth the Illinois River. This plant consisted 
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Osgood dipper-dredge and six dump-scows, the whole plant costing 
$29 348. was used with good results. The first work was done 
Howard’s Bar, near Grange, Mo., where channel was opened 
000 ft. long, 110 ft. wide and ft. deep. was completed about 
week, and the channel remained open throughout the season. Part 
the material was removed dump-scows, but the greater part 
was dropped beside the cut, which was located parallel the 
thread the current. 

This plant was also used other places with good results. Major 
Ruffner, the engineer officer charge, the following words, recog- 
nized the utility dredging 

experience the past season has shown that much assist- 
ance can given navigation this kind work, which, though 
temporary certain sense, likely permanent for one season 
pense comparatively small fully justifiable, have doubt 
good navigable channel can maintained during the low-water 
season this stretch the river, and the navigation the river 
continued with success steamboats, such temporary aid must 
given until such time the permanent channel improvement 
completed.” 


1887 contract was entered into for hydraulic dredge and 
decked flat-boats support 500 ft. discharge pipe, used the 
district above named. Experience had shown that dipper dredge 
could good work under favorable conditions, but for opening tem- 
porary channels through bars was found too slow its opera- 
tions and hence too expensive. dredge provided with centrifugal 
pump for pumping sand and water from the channel and delivering 
the same through pipes far enough away clear the channel was 
manifestly improvement the old method with bucket-dredges 
and dump-scows (see Fig. 6). This hydraulic dredge was equipped 
with Van Wie No. 12-pump with 14-in. intake 12-in. discharge. 
The pump was run the rate 330 revolutions per minute and the 
material was lifted about ft. above the surface the water and dis- 
charged from 300 800 ft. from the pump. The intake nozzle was 
provided with jet supplied Worthington pump, aid 
stirring the material that the suction could take hold it. 

The steam plant consisted one boiler ft. long, and having 
42-in. shell with ten 6-in. flues. The main engine was the Wright 

Report Chief Engineers, A., 1884, pp. 1561-1567. 
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and Adams pattern, 14-in. cylinder and 18-in. stroke. There was 
also hoisting engine and engine,” each 8-in. double 
cylinders. 

The intake pipe supported double pontoon, two barges 
ft., framed together with 4-ft. space between, which stands 
right angles the dredge when operation. The dredge end this 
pontoon pivoted triangular brace attached the dredge, and 
the outer corners pontoon are connected with the dredge 
means wire cable-guys, passing through sheaves the 
engine,” which serve swing the pontoon, with the suction, around 
semi-circle with radius ft. hoisting cable serves raise 
and lower the suction between the two parts the pontoon. The 
intake pipe has 14-ft. length rubber that connects the iron pipe 
the suction with the iron pipe from the dredge and gives the pipe 
sufficient flexibility. All engines are located handled 
one man. 

The machinery mounted wooden hull ft. wide, 100 ft. 
long and ft. deep, and housed cabin. There 
spud ins. square each end the dredge which serves hold 
the desired position. There number small flat-boats 
ft., each which carries ft. discharge pipe. The 
several lengths pipe are connected together with rubber hose. 
The flat-boats are coupled together triangular wooden frames 
bolted the decks and arranged couple with iron pin mid- 
way between the boats. The discharge pipes are carried frame 
erected give slope about ft. 100 ft. 

This dredge manipulated means two head lines anchored 
well stream, and the dredge moved and kept line swinging 
first one spud and then the other, alternately. The work can 
done either with against the current, each cut being about ft. 
width. The dredge moved about ft. time. vacuum 
gauge the suction side the pump and pressure gauge attached 
the discharge side serve show the operator whether the pipes are 
obstructed whether the proper proportion sand being carried. 
delivers from sand through 600 ft. discharge 
pipe the rate 100 cu. yds. per hour. requires crew 
men, costing $355 per month, operate the dredge. The cost 
for working days, including delays all kinds, and the current 
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repairs, was 928.71. During this time the dredge removed 900 
cu. yds. sand, cost 6.8 cents per yard. 

used not only deepen channels, but also fill dikes and 
dams. This quite advantage where the amount sediment 
carried the stream small. 

This plant has been operated Assistant Engineer Shane, 
above description largely drawn from his report the 
plant, which, together with other data, was obtained the author 
from the Engineers located Rock Island. The description 
here given applies the dredge remodeled 1895. 

This dredge evidently was regarded fairly successful that part 
the river where first brought into use, Major Ruffner, then 
charge, says:* 

believe that patience and some mechanical skill will make our 
machine able dig channel through any our ordinary bars here, 
deep enough induce the main flow water through three days’ 
opening and maintaining good navigable channel through this 
stretch the river (between the Des Moines and Rivers) when 
the water falling, the use two three these hydraulic 


dredges constantly operating and moving from the worst bar the 
next one needing dredging.” 


While this dredge was evidently move the right direction 
and was very useful the upper river, its capacity was entirely 
inadequate meet the requirements the lower river. Here the 
dredging required single bar often exceeds 100000 cu. yds., 
and the time permissible remove this large amount material 
very short. successfully accomplish this result machines 
were required far greater capacity than any heretofore used 
known. 

November, 1891, the representatives steamboat transporta- 
tion lines below St. Louis appeared before the Mississippi River Com- 
mission and urged immediate relief for low-water navigation. They 
stated that such relief depended the completion the permanent 
improvement work, the time came, there would traffic. 
response this appeal, the Commission appointed committee 
two 

study the subject the construction and operation such 
appliances for dredging can applied the deepening the 
Report Chief Engineers, A., 1887, 1614. 
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Mississippi River over the bars extreme low water;” 
and and report project for the construction 
dredging boat large capacity can handled the 


channel the Mississippi River low water with safety and con- 


Colonel Chas. Suter and Henry Flad, both Members this 
Society, were designated serve this committee. After 
thorough investigation the matter, the committee concluded 
that among the various devices for temporary relief, dredging 
was the only means which held out reasonable promise suc- 
cess. The problem involved many new features the way 
the enlargement and combination devices heretofore used, that 
the construction experimental dredge was recommended. 
Drawings and specifications were prepared under the direction 
this dredging committee, for experimental dredge, and con- 
tracts for the construction the various parts were let, the close 
1892. 

This experimental dredge was equipped with Edwards centri- 
fugal pump having curved drag-suction one end, and Allis- 
Reynolds screw pump having suction with jet agitators the 
other end, the object being make practical tests the efficiency 
the different devices. The pumps, engines and boilers were designed 
their respective manufacturers. The Edwards pump runner was 
ft. ins. and was operated compound, non-con- 
densing, vertical engine with cylinders ins. and ins. diameter, 
respectively, and with 20-in. stroke. The suction and discharge were 
each ins. diameter. The Allis-Reynolds pump was operated 
compound non-condensing vertical engine, with cylinders 
and ins. diameter and with 12-in. stroke. The suction and 
discharge pipes were each ins. diameter. The jet pump was 
the Allis-Reynolds pattern, with suction and discharge ins. 
diameter. This pump operated six jets ins. diameter under 
head about this means the material was loosened and 
divided enter the suction the sand pump thoroughly 
mixed with water. 

The steam for the various pumps, etc., was supplied from four 
boilers ins. diameter and ft. long, the type common 
use Mississippi River steamers. apparatus was also 
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provided for raising and lowering the suction and moving the 
dredge. 

The above-described machinery was mounted wooden hull 
130 ft. long, ft. wide and ft.indepth. The dredge working 
order drew about ft. water. good general idea this dredge 
can obtained inspecting Plate XXXII. 

The material pumped was discharged through floating pipe line 
made sections pipe ft. long, connected means strong 
rubber joints and iron coupling bars. air chamber each side 
the discharge pipe served float when loaded with 10% 

order operate the dredge, two hydraulic piles are set 
about ft. apart, near the upper end the bar excavated. 
wire rope about 000 ft. long attached each these and the 
hauling drums the dredge. the wind does not the dredge 
from its proper place, allowed swing freely the current with 
the discharge pipes trailing below it. necessary, side piles are set, 
and means lines attached them, the dredge can hauled into 
such position may desired. dredging, the boat pulled 
ahead stream rates varying with the depth the material taken 
out, the average movement being about After 
one cut finished, the dredge dropped down again the lower end 
the bar, the head piles are moved over about the width the cut 
and another cut made near and parallel the first. This 
process repeated until channel the required width and depth 
has been secured. 

There perhaps single feature which facilitates this method 
dredging much the hydraulic mooring piles (Fig. 7). The ease 
with which they can set and withdrawn, and their great holding 
power, make them really indispensable where dredging done 
strong currents. They are sunk ft. deep the sand, and the 
head lines are attached shackle down the surface the sand, 
and consequently there little danger bending. pile sinker 
provided with suitable leads and hoist, pumps and boilers, required 
with each dredge. The pile open the lower end for the full size 
the pipe. the side the pipe near the upper end opening 
ins. diameter which the pressure pipe from the pump at- 
tached. The ease with which piles can set and withdrawn 
clearly set forth Table No. page 466. 
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these experiments one 6-in. inside-packed, double-plunger pump 
used. The length the piles was 34} ft.; outside diameter, 
ins.; thickness, in. for the heavy piles, which weighed 250 each. 
The light piles were the same length and outside diameter; thick- 
ness, in.; weight, 370 Ibs. Diameter water-pressure inlet ins. 
The piles were open the bottom. 


The various parts the experimental dredge were assembled and 
erected under the immediate supervision Henry Flad, Am. Soc. 
E., the fall 1893. The tests were begun November that 
year and continued throughout the winter and the following spring. 
result these tests the Allis-Reynolds pump the bow the 
boat was found deficient engine power and the drag-suction 
the stern the boat could not manipulated give 
and satisfactory supply material. The Edwards pump gave good 
results and the jet agitator suction-head was found satisfactory. 
The jet pump required before the required results 
could secured. 

The buoyancy the floating pipe line was too small and great care 
was required prevent sinking the pipes getting trifle over 10% 
sand them. 

Another unexpected difficulty developed the use these pipes. 
When swinging freely the current with the lower end open and the 
pump running, the pipes would kink the joints. This was 
attributed the reaction the discharge against the water which 
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the pipes were floating. After considerable experimenting with jets 
discharging the air and water, the conclusion was reached that 
the kinking was due the centrifugal force the flowing water act- 
ing the flexible joints the pipe. That say, when the pipe 
swings freely the current never straight, any bend met 
with the water flowing the pipes high velocity naturally 
exaggerated. This difficulty was fully overcome attaching 
plate the last section, short distance from the end the pipe, 
receive the impact the discharge. shifting this baffle plate 
that the discharge will strike angle, the pipe line can de- 
flected the right left. 
The experiments had solved many the difficulties, and attention 
was then turned utilizing this dredge for practical work. The 
Allis-Reynolds pump and the Edwards suction were discarded. The 
Edwards pump was shifted and attached the jet suction. the 
spring 1895 cabin was built for the accommodation the crew and 
the first dredge elimination obstructing sand bars the 
lower river was ready for actual work during the low-water season 
the fall 1894 the first attempt aid navigation was made near 
Cape Girardeau, Mo., where there was bar about 600 ft. long with 
from ft. water. Work began October 19th, and Octo- 
ber 26th channel ft. deep had been made and this channel remained 
good throughout the season. 
During the winter 1894-5 large number tests were made 
determine the capacity the dredge. The immense amount ma- 
terial constantly moving along the bottom the river and the scour- 
ing effect the current, made impracticable ascertain the 

amount moved, measuring the material place and then measur- 
ing the excavation. measuring barge was therefore fitted with 
suitable valves, attach the lower end the discharge pipe where 


the discharge could deflected into the barge for known interval 
time when the running conditions were about normal. This barge 
ft. long., ft. wide and ft. deep. special floor was laid 
the bottom, and tight bulkheads were built near each end. The gun- 
wales were stiffened with trusses order carry with safety the 
load put the barge. 6-in. gate-valve was placed below 
the floor, next the bottom planking each corner the loading 
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space, spoil bin, the barge. Pipes lead along the gunwales each 
the valve pipes, and are arranged connected with the 
pressure pumps the pile sinkers. well with removable sides 
placed around each gate-valve that when the barge filled the 
water may drawn from the top without disturbing the sand. There 
are two gauges placed each side the spoil bin and near the ends 
the same. means simultaneous readings these gauges the 
depth material determined. making test the barge at- 
tached the lower end the pipe-line means rubber pipe 
ft. long and the same diameter the floating discharge pipe. This 
carries the discharge into the barge and toa point near the forward 
bulkhead the spoil bin. valve provided that will deliver 
the discharge either into the river through opening the bottom 
the barge into the spoil bin, may desired. This valve 
(shown Fig. operates, both opening and closing, releasing 
heavy weights which cause the valve revolve almost instantane- 
ously. 

Fig. shows the opening tothe spoil bin closed and the 
through the bottom the barge into the river, open. The brakes 
shown hold the valve any desired position. setting the weights 
ready for test, the weight whichis shown the bottom the 
bin, raised about ft. above the button and supported rope 
attached the framework above. also attached the button 
asecond rope. When ready throw the valve down, 
discharge into the spoil bin, the first rope cut, which allows the 
weight drop about ft., and the entire weight taken 
the cable which revolves the valve its lower position, closing 
the outlet the river and opening into the spoil bin. The brakes 
controlled the lever are put hold the valve place, and 
the weight entirely released and drops the bottom. The 
weight used for closing the valve the spoil bin, supported 
the hook some ft. above the button the end the 
cable which passes through the weight, the opposite end passing 
around pulley fixed the valve shaft. When the spoil bin 
full, the weight dropped from the hook raising the lever, 
and the same instant the brakes are released and the valve moves 
back its first position, throwing the discharge into the river. 
found necessary start the valve with jerk. 
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making test, the dredge pumps are started and the dredge 
pulled ahead actual work, the barge-valve being set dis- 


charge the spoil into the river. Sufficient water let into the spoil 


bin through the gate-valves cover the floor, and the read. 
This done sure that none the volume pumped will 

under the floor where cannot measured. When everything 
the dredge running smoothly and about the normal rate, the dis- 


MEASURING BARGE AND VALVE 
FOR 
MEASURING QUANTITY SAND AND WATER 


SCALE OF FEET 


e BOTTOM OF BARGE OUTLET 

Fia. 

charge-valve into the spoil bin thrown open and the timing hand 
the stop-watch started. throwing the valve open the spoil 
bin, the opening the river closed the same valve. When all 
the material that the barge will safely hold has been discharged into 
the barge, the valve spoil bin closed and opened the river 
again. the same instant the timing hand the stop-watch 


stopped. After few minutes’ time necessary for the agitated water 
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TABLE No. AND TESTS 


INS. 
Head DIAM ETER 
Secs. 
138 | 7.0) 8.0) .071 118 153) 165) 154) 319'9.32) 10.56) 15.80) 1.90 | 28.26) 20.3 | 224 
122 | 5.5) 6.5) .087 150| 165) 147) 3129.21) 10.44) 15.89) 2.11 | 27.94) 21.0 | 234 
seas 140 | 6.0) 6.5).045) 116) 143) 154) 137) 291 8.65} 9.80) 15.88} 2.11 | 27.29) 20.8 | 2380 
155 | 6.5) 7.3).058) 119) 166) 153) 319/9.20) 10.43! 16.59) 2.40 | 29.42) 20.9 | 230 
138 | 6.5) 7.5|.087| 118) 150) 164) 155) 319/8.98 10.18} 15.28) 2.23 | 27.64) 20.1 | 228 
123 | 8.2) 8.3).087) 115) 150) 166) 150) 316/9.29 10.53} 14.08} 2.58 | 27.19] 21.0 | 230 
185 | 7.0 7.7|.087| 118] 150} 163) 151! 314/8.90) 10.09) 15.90) 2.02 | 28.01) 19.8 | 226 
131 | 8.2) 119) 158) 167) 154) 821/9.38) 10.57) 15.82) 2.61 | 28.50) 21.0 | 236 
16......| 188 |10.0) 9.5) .087) 128) 146) 159) 147) 306|7.11) 8.06) 22.18) 1.48 | 31.67) 20.5 | 228 
197 | 5.5) 8.0).080) 180} 140} 159) 140; 299/6.42) 7.27) 22.64) 0.96 | 30.87) 20.8 | 230 
174 | 5.0; 5.0).050) 130) 146) 166) 152) 318/7.16) 8.12) 23.53) 1.382 | 82.97) 20.2 222 
198 | 7.0; 6.2|.021| 125] 180) 145) 129) 274/6.44) 7.30) 25.52) 1.24 | 34.06] 19.8 | 216 
180 5.0) 120) 140 300/7.68 20.73) 1.80 | 31.23) 20.0 | 226 


The first nine tests were made with 604.5 ft. pipe between the pump and the valve 


Diameter discharge pipe, ins. Distance from suction head pump, 101 ft. 
The area spoil bin test barge, 544.01 sq. ft. 

The average capacity sand per hour with the short pipe was 679 cu. yds., 
The sand pumped per hour per indicated horse-power with the short discharge was 


the spoil bin settle down, the gauges are read, the pumps the 
pile sinkers are started, the gate-valves are opened and the water 
forced out, leaving the sand measured later. This done 
measuring the depth eleven cross-sections eleven points each 
section, all equally spaced. The average depth multiplied the 
known area gives the volume sand. The differences the gauge 
readings before and after filling give the depth material pumped in. 
This multiplied the area gives the total volume sand and water. 
From this, and the time required pump such volume, the various 
functions capacity per hour, velocity per second, efficiency, etc., 
are determined. The material enters the barge with such force that 


the sand not distributed uniformly over the bottom, but piles 
ridges one side the other. 
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the test barge. The other seven tests were made with 059.5 ft. pipe. 
Diameter suction pipe, The suction was lowered below the water surface 


and with the long pipe, 479 cu. yds. 
2.16 cu. yds., and with the long line, 1.59 cu. yds. 


Sometimes the sand measured box ft. deep, ft. wide, 
and ft. long. The floor the barge cleared off give 
room for the box. The sand then shoveled into without packing, 
and the top smoothed off with straight edge. This method gives 
about 22% more volume than when the sand measured place, but 
necessitates handling the material twice, has been abandoned. 

The results twenty-two tests the dredge with the 
Edwards pump are given Table No. 2.* 

The time spent experimenting with the first dredge was 
means wasted. There were many difficult problems construction 
and manipulation solved, and the efficacy dredging all 
stream which moves vast quantities material its own account 


Report Sturtevant the report Chief Engineers, A., 1895, 3795. 
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was tested some extent. The results all these experiments 
pointed clearly dredging the most promising method tem- 
porarily improving low-water navigation that had far been sug- 
gested tried. The time had now come provide sufficient 
number dredges clear the obstructing reefs short period 
time that the interruption navigation would very slight. 
Dredging, however, had not yet been authorized specifically Con- 
gress, and the amount money available for the construction 
dredges was rather limited. 

With covering the ground still more fully, and get 
the benefit the best dredging experience available, circular was 
sent out August, 1894, engineers, contractors and builders 
dredges, inviting Informal plans and suggestions the methods 
and machinery best adapted the The capacity the re- 
quired dredge was 1600 cu. yds. sand per hour. Several 
replies were received, and three firms were requested prepare 
detailed drawings and specifications the plant they proposed 
furnish. These were submitted December, 1894, and contract 
was let the American Hydraulic Dredging Co. Chicago, 
for the construction the dredge Beta, cost The 
contract provided that ifthe dredge fell short the required capacity, 
the deduction from the price should proportional this differ- 
ence; and the capacity exceeded 600 cu. yds. per hour, then the 
price should increased proportional this excess per 
cent. The dredge was completed and ready for testing January, 
1896. 

BETA. 

This dredge has two independent dredging machines complete 
from suction end discharge pipes. The sand pumps are the 
centrifugal pattern with runners diameter and with arms 
each runner. The suction for each pump 33} ins. diameter, 
and split near the pump that the water enters the casing from 
both sides. The discharge for each pump from single 33-in. pipe 
leaving the pump chamber from the top. The suction for each pump 
divides near the forward end the hull into three suctions, each 193 
ins. diameter. cast-iron elbow riveted the hull the bow 
for each the three branches, which are provided with elbows ham- 
mered copper in. thick, and these work the iron elbows and form 
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radial, telescopic joint. The axis rotation the center 7-in. 
shaft supported brackets the bow the boat. The elbows are 
concentric with this shaft. These three suctions are framed together 
and can raised lowered, one piece, through depth 
ft. 

Each these suctions provided with vertical revolving cutter, 
ft. diameter and ft. long, with nickel-steel blades each 
These serve loosen the material that will readily 
enter the suction. They are spaced ft. apart from center center. 
There are six these revolving cutters for the two pumps. They are 
driven, through system spur gearing, cross-compound, non- 
condensing engine with 14} and 29-in. cylinders and 18-in. stroke. 
The engines make about eight revolutions one revolution the 
The cylinders are some ft. apart and are connected 
5-in. pipe. 

support portion the weight the cutter machinery, 
pontoon provided for each set suctions. This pontoon made 
steel plates, and built around the various pipes and frames. 
Each pontoon has displacement 000 cu. ft. 

The sand pump shaft forged steel, ins. diameter, and 
ins. diameter where passes through the pump runner. Stuffing- 
boxes are provided where the shaft passes through the pump casing. 
Each pump operated direct-connected, triple-expansion, ver- 
tical, inverted, four-cylinder, tandem engine provided with jet con- 
densers. The cylinders are 20}, 33, and ins. diameter, 
respectively, and the stroke ins. with the cranks set right 
angles. These engines are run speed ofabout 130 revolutions per 
minute, the indicated horse-power each being about 250, with 
boiler pressure 175 lbs. Each engine provided with Worth- 
ington duplex air pump and jet condenser, with cylinders and 
ins. and 15-in. stroke. They are also arranged exhaust without 
condensing. The steam supplied four Heine boilers arranged 
that they can used together independently, may desired. 
Each boiler has two shells ins. diameter and 18} ft. long. The 
water legs are connected 171 tubes, ins. diameter and 15} ft. 
long. There one smokestack each pair boilers, each stack 
being diameter and ft. high above the breeching, 
ft. above the water-line. The main steam pipe between the boilers 
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and engines ins. diameter. The usual steam gauges, blow-off 
valves, etc., are provided. 

The water supply for the boilers and journal bearings filtered 
means two filters, each ft. long and ft. diameter. The 
filter bed supported ‘on perforated cast-iron bed fixed near the 
bottom each filter. three layers brass wire-cloth with 
10, and meshes per inch, respectively. These support bed 
crushed quartz made layers different degrees fineness and 
about ft. thick. The sediment which gathers the filter bed 
stirred two sets arms which can revolved means 
gearing, and the clear water from one filter used wash the other. 
The filters are supplied duplex pump with 8-in. suction and 7-in. 
discharge, and the water carried through alum coagulant the 
tops the filters under pressure about lbs. The filtered 
water drawn from the bottom the filters the boiler feed- 
pumps, and passes through vertical pressure heater provided with 
100 2-in. corrugated copper tubes long. The exhaust steam 
from the cutter, the winding engines and the pumps passes through 
this heater. 

The winding engines are placed near the bow the boat. There 
are six drums operated double-cylinder, link-motion, reversing 
engine with 12}-in. cylinders and 15-in. stroke. Four the drums 
are ins. diameter and long. Two these drums are used 
for side warping, and are geared The other two are used for 
pulling the dredge ahead, and are geared 200 ft. 
wire rope used for this purpose. The two end drums are ins. 
diameter and ins. long. They are used for raising and lowering 
the suctions. 

the stern the boat steam capstan and spud hoist. 
There are two vertical anchor-spuds and one push-spud the stern 
the boat. The anchor-spuds are oak, ins. square and ft. 
long. These were intended mainly pivots which swing the 
boat, that wide cut could made moving the suction the 
circle. This method not well adapted streams with 
strong current. These spuds and the push-spud are raised 
lowered means 3-drum friction hoist moved double 10- 
in. engine. The push-spud iron beam ft. long, with steel 


shoe the lower end. can raised into recess the hull 
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when not use. The inner end the beam attached the piston 
rod hydraulic cylinder ft. long and ins. diameter. The 
piston rod passes through the hull plating stuffing-box. This 
spud has never been used. 

The machinery mounted steel hull 172 ft. long and ft. 
wide. ft. deep the waist, and for ft. from the for- 
ward end and ft. from the after end ft. deep. These 
deep portions are decked over, are also the guards, for the entire 
length. The plating the sides the hull thick; the other 
plating outside in. thick. The bow double-plated the head 
and rake. The cross floors, spaced ft. between centers, are 12-in. 
beams, weighing the foot. these, intervals ft., 
are longitudinal stringers the same form and height, weighing 
the foot. These floor frames are decked over with }-in. plating 
and extend within ft. the bow. The space between this plat- 
ing and the bottom divided into ten water-tight compartments. The 
hull further divided into seven water-tight compartments above the 
water bottom means five cross bulkheads and one short longitudi- 
nal bulkhead. 

The bases the pumps, engines and the boilers are set the water 
bottom. Two coal bunkers are provided, with capacity about 
The dredge fitted with traveling crane ample ca- 
pacity handle all parts the machinery. 

quarters are provided for the crew this dredge. The cabin 
only sufficient protect the machinery. The boat equipped with 
electric light plant and full complement shop tools, such 
lathe, drill press, 

The requirements the contract fixed the limit draft ft., 
and the width When the dredge was completed, the draft was 
found about ft. 

The weights the various parts are about follows: Hull, 633 340 
lbs.; main engines and pumps, 183576 boilers, 405 880 
cutter engine, 27460 lbs.; forward hoist, 500 spud hoist, 450 
ladders, 800 lbs. The total displacement when running, with 
suction and discharge pipes, boilers, filters, heaters, etc., full water 
and supply coal board, about 175 tons. 

The discharge consists two independent pipe lines, each ft. 
long. baffle plate provided for the end each line. 
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TABLE No. AND EFFICIENCY 
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Length port suction from intake pump Length port discharge pipe 

Length starboard suction from intake pump 100.3ft. Length 

Eight the sections each line are 100 ft. long, and four sections are 
ft. long. When the pipes are empty, the pontoons draw about 
ins. water. The pontoons are made tank steel, and are 
fitted with water-tight bulkheads about ft. apart. section they 
are the shape semi-cylinder, with outer radius ins., and 
inner radius The discharge pipe lies the float thus 
formed, and made }-in. steel. The different lengths are coupled 
about described connection with the Alpha, 

Quite number defects were developed the use this dredge, 
many which were remedied. first the cutters all worked the 
same direction, and the result was that the dredge was pulled sidewise 
out the cut. This was remedied changing one set cutters 
work the opposite The breaks the gearing the 


cutter machinery were frequent, although the spur gears were made 
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MEASURING BARGE. 
= 
j 
= = co 
Ft. Cu. Cu. ft. Cu. Ft. Lbs. Cu.yds 
ten tests. 
from pump valve measuring barge 161.7 ft. 
discharge pipe from pump valve measuring barge 147.7 ft. 
measuring barge 535.3 sq. ft. 
per hour box measurements 920, about 330 cu. yds. measured place. 
nickel steel, and the pinions phosphor bronze. The 6-drum hoist 
also gave considerable trouble. The cutters were found very 
much longer than necessary, and their operation drew heavily the 
boiler capacity. The unexpected draft developed difficulties coal- 
ing, and maneuvering the dredge over the shoal bars. 
The preliminary tests the dredging machinery began about the 
middle January, 1896, and continued until March Ist. the four 
hundred working hours embraced this period, two hundred and 
fifty-five hours were used repairs and changes and seventy-four 
hours actual pumping. The capacity tests were begun March 
10th, and continued for about month. There were ten tests made 
ordinary river sand, one gravel test and one water test. The tests 
were made the test barge described the preceding pages. Two 


valves were provided, that both pipe lines discharged into the barge. 
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the gravel test the face the bank dredged was about ft. high, 
and only about ft. was gravel. one valve was first 
opened and the barge filled. The water was then syphoned out, and 
the other valve was opened and the barge again filled. The gauge 
readings and time each were, course, noted. Tests and 
were made with only one valve open, the other pipe line discharging 
the river. 

all the tests the dredge was run for considerable time all 
respects doing actual dredging work, and the valves were opened 
such times the pumps were seen working under about nor- 
mal conditions. the mean time steam gauges were read, revolu- 
tions pumps, cutter engines and winding drums were counted, and 
indicator cards were taken intervals about minutes. 

The results these tests are shown Table No. 3.* 

The general conditions length time required for efficiency 
number capacity tests were the same described con- 
nection with the Gamma. 

The tests show average capacity 920 cu. yds. per hour, and, 
therefore, according the terms the contract, bonus $86 387.50 
was earned the contractor. 

After completing the required tests, sundry repairs and alterations 
were made, put the dredge condition for actual work. 

During the low-water seasons 1896 and 1897 the enormous 
capacity the Beta was fully demonstrated. account the 
character and cost this work will given later. Before the dredge 
isagain put into service for the low-water season 1898, numerous 
changes will made. The hull will widened ft. and length- 
ened, reduce the draft ft. About has been re- 
tained from the contract price this work, the specifications 
required that the draft should not exceed ft. cabin for the ac- 
commodation the crew will erected; the 6-drum hoist will 
replaced four detached single-drum hoists; the cutter engines, 
cutters and other parts belonging the present suction will re- 
placed jet suction and pumps. This done because has been 
found actual practice that mechanical agitators are unnecessary 
the sands the Mississippi River. The wear and tear the cutter 
machinery very large item expense, say nothing the power 


for 1896, page 3643. 
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required. The jet agitators are quite efficient, are much more econom- 
ical point repairs and power required, and are more simple 
manipulation. The push-spud and one anchor-spud will discarded. 
The other anchor-spud will moved the bow the boat. The 
spud-hoist will discarded. The forward battery boilers will 
turned end for end order properly distribute the weights under 
the new arrangements, and improve the facilities for coaling. Much 
this work would probably deferred were not that the boat 
must put into dry dock make the hull repairs, and this oppor- 
tunity seized for making the changes outlined. 

general view the she will appear after remodeling, 
shown Fig. 


GAMMA. 


The Act Congress June 3d, 1896, was the first formally 
recognize and require the use dredge boats and other devices 
adjunct tothe permanent improvement the lower Mississippi River. 
The Act referred requires that much the money appropriated 
may necessary 

expended the construction suitable dredge boats 
and other devices and appliances, and the maintenance and opera- 
tion the same, with view ultimately obtaining and maintaining 
navigable channel from Cairo down, not less than 250 ft. width 
and ft. depth, all periods the year, except when navigation 
closed ice.” 

This formal recognition the necessity temporary relief for 
low-water navigation resulted the early construction four more 
dredges. 

The contract for the Gamma was let July, 1896, the Bucyrus 
Steam Shovel and Dredge Co., South Milwaukee, Wis. The capacity 
required was 800 cu. yds. ordinary river sand per hour, delivered 
through 000 ft. pipe with single centrifugal pump. The price 
paid was $85 530.60, and the time fixed for completion was nine 
months. This dredge was used actual work throughout the low- 
water season 1897, and was found very satisfactory, both 
capacity and economy. 

The hull the Gamma steel, and 138 ft. long over all, 
ft. wide and ft. deep. There well the bow ft. long, 
which the suction placed. 
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The framing the hull consists 12-in. channels, stiffened with 
I-beam keelsons. The framing shown Fig. Plate 
Cross bulkheads divide the hull into two compartments, one for the 
boiler, and the other for the engines. These are surrounded water- 
tight compartments and are decked over. 

The main dredging pump located the forward part the 
engine room. centrifugal pump, with 24-in. suction inlet 
each side and 34-in. discharge the bottom. The runner ft. 
ins. diameter, and has four blades. revolves aspeed about 
150 revolutions per minute. The pump casing split horizontally 
through the axis, that the upper half can removed making re- 
pairs, The casing cast iron, from ins. thick. The shaft 
passes through the pump, and has bearing each side the casing. 

these bearings the shaft diameter. The pump driven 
cross-compound, condensing engine with independent condenser. 
The high and low-pressure engines are horizontal, and are connected 
two disc cranks set right angles and keyed opposite ends 
the pump shaft. The high-pressure cylinder ins. and the low- 
pressure 32} ins. diameter; the stroke The high-pressure 
cylinder has adjustable cut-off, with hand adjustment regulate 
the point cut-off. Expansion relief-valves are provided for the low- 
pressure cylinder. These engines develop about 500 H.-P., with 
boiler pressure The jet pump the centrifugal type, with 
18-in. suction and discharge. This pump supplies the water stir 
the sand thesuction head. The runner arms, with steel 
tips, running close practicable the casing, obtain the 
greatest available pressure. This pump and its engine rest com- 
mon bed plate, and have flange-coupled shaft for pump and engine. 
The engine compound condensing engine the marine type. The 
high-pressure cylinder ins. and the low-pressure ins. 
diameter, with common stroke ins. The crank shaft has the 
cranks set right angles. The cylinders have plain slide valves. All 
parts are provided with automatic apparatus for lubrication. 

The air pump horizontal, with single steam cylinder ins. 
diameter, air cylinder ins. diameter, and 18-in. stroke. The con- 
denser receives the steam from both main and jet pumps, and 
arranged that the steam can pass directly the atmosphere. The 

overflow from the condenser passes through chamber, forming hot- 
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well for the boiler feed pumps. There are two feed pumps and one 
fire pump, arranged that any one them can connected 
with the feed-water pipe the fire hose. These pumps are vertical, 
duplex, outside-packed plunger pumps, with steam cylinders, 

water plungers and 8-in. stroke. ordinary sand filter, with 
alum coagulent, provided filter the water used the galley 
and cabin. separate pump forces the water through the filter 
tank the roof, and from there piped various parts the 
boat. 

The main hauling winches are located opposite sides the boat 
near the bow. They are driven independently and are provided with 
fast and slow feed controlled clutches. The drums are ins. 
diameter and ins. long, which gives space for 200 ft. wire 
rope. Each drum driven pair 7-in. double cylinder 
engines with cam reverse, and the power transmitted through com- 
bination worm and spur gearing. The movement controlled 
means brakewheel and strap. The speed ratio for fast 
and 493 for slow speeds. The hoisting engine for raising the suc- 
tion pipe has drum ins. diameter and ins. long. fitted 
with brake, spur gear, pinion, clutch and shifting device. This 
engine also operates shaft terminating gipsy heads, which can 
used lieu the capstans. The whole driven pair hori- 
zontal, double-cylinder, 10-in., plain, slide-valve engines, provided 
with steam reverse. 

The anchor spud hoisted means upright, single-acting, 
steam cylinder, ins. diameter and 6-ft. stroke. The piston at- 
tached cam clamp its upper end, which grips and holds the 
spud against the slides. Steam enters the bottom the cylinder 
through three-way valve, raising the piston and spud the height 
its movement. When the valve turned the exhaust port the 
piston and clamp descend, the spud being supported rack and 
pinion. The pawl locking the pinion hinged between its center 
movement and point, and the tripping effected making the pawl 
buckle itself that the point turns under. This releases its hold 
and allows the spud drop. 

Steam for the above-described plant furnished six boilers 
ins. diameter and ft. long, with five flues each. These 

boilers are arranged two batteries that they can used separ- 
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ately desired. They are designed carry pressure 140 
The fire-bed and ash-pan rest directly the keelsons. Directly 
front the fire doors are coal bunkers having capacity tons. 
The bottoms the mud drums are below the water-line, hence special 
cleaning device provided means tank set between the keel- 
sons under the mud valves. The mud and water remaining the 
drums are drawn off into the tank, and then syphoned out. The feed 
water heated passing through two pipes hung brackets from 
the sides the parting wall between the two battery furnaces. 

The two intake pipes the pump casing run forward the suc- 
tion head. They are hinged the boat the bow two flanges 
connected pivot pin the lower side and provided with circu- 
lar stuffing-box, making radial joint that will allow the suction 
lowered depth ft. Outside the joint the pipes and suc- 
tion head are framed together and rigidly connected form es- 
sentially one piece. the suction head the pipes are ft. apart 
from center center. The suction head for each pipe ft. long 
and they are ft. apart, forming one suction head ft. long over all. 
The suction head proper has two inlets, one for the upper and one for 
the bottom intake, and between the two triangular pressure cham- 
ber running the whole length the head. This connects directly 
with the jet pump. This chamber has nine 2}-in. nozzles through 
which the water from the jet pump forced with sufficient pressure 
loosen the sand front the suction. The discharge pipe 
ins. diameter. runs from the bottom the pump casing along 
the floors between the two central keelsons, under the partition walls 
between the batteries boilers, and through the stern the hull, 
with the center the pipe ft. above the bottom the hull its exit. 
Near the pump the entire pipe below the water-line, and the priming 
done means steam syphon the top the pump casing. 
The floating discharge pipe 000 ft. long, divided into sections, 
each ft. long. They are made tank steel. The pipes are 
floated means cylindrical pontoons, each ft. in. long and 
ins. diameter. These are made tank steel. They are 
attached the discharge pipe means truss frames constructed 
bar and angle irons, designed receive and clamp the dis- 
charge pipe and carry the pontoons either side. The pipe line 
attached the hull section the discharge pipe means male 
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and female bevel-flanged coupling, davit being used swing the 
floating pipe into position. 

The hull has cabin ft. long and ft. wide, which protects the 
machinery and provides quarters for the crew. There also repair 
shop, provided with lathe, drill press, emery grinder and other ap- 
pliances needed making ordinary repairs. electric plant fur- 
nishes light for one 000-candle-power search-light, four 
200-candle-power each, and incandescent lamps 16-candle- 
power each. 

All the winches, the spud hoist and the search-light are manipula- 
ted from the operating room. This dredge towed from point 
point, and while dredging operated similarly the Alpha. 

Four 10-in. and four 12-in. hydraulic piles ft. long are provided, 
similar that shown Fig. general elevation this dredge 
shown Fig. Plate and the arrangement the machin- 
ery, etc., may seen Fig. 10. 

This dredge was tested near St. Louis, Mo., August, 1897, and, 
after the completion the tests, she was used actual dredging be- 
tween Cairo and Memphis until early December the same year. 
The general efficiency test, called for the contract, required that 
the dredge should operated working days hours each 
water from ft. deep, and with sand such different degrees 
coarseness will found the low-water bars. After this had 
been done and the machinery found satisfactory, then capacity 
tests were required made with the suction different depths. 
This last requirement was considered filled when the total amount 
pumped per hour divided was equal exceeded the required 
capacity 800 cu. yds. per hour. 

The weights the principal parts are follows: Hull, lbs. 
cabin, 117 449 lbs.; main pump and engines, 722 jet pump and 
engines,21 717 lbs.; auxiliary engines, drums, levers, etc., 937 
air, feed and fire pumps, 695 electric light plant, 700 
boilers and accessories, 325 911 suction head, 534 floating 
discharge pipe and pontoons, 244 916 hull fittings, 580 
Total, 019 623 lbs. The working draft the dredge about ins. 

Construction was begun June, 1896, and the dredge was prac- 
tically completed March, 1897. 

The results the official tests are given Table No. 
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DREDGE DELTA. 


The dredge Delta was constructed under contract with the New 
York Dredging Co., which sublet the construction different parts 
various manufacturers and builders machinery. The contract 
price for this dredge was $124 940. differs from the Gamma chiefly 
having mechanical agitator instead jets, its hoisting and 
hauling winches, and the form pump. Its capacity also some- 
what greater. Its construction was begun June, 1896, and was 
practically completed the end June, 1897. After the tests were 
finished, this dredge was used removing sand bars below Cairo 
throughout the low-water season 1897. 

The hull steel, 175 ft. long, ft. wide, and ft. deep. 
fender ft. long carried around the suction, making the boat 199 
ft. long over all. The bow and stern the hull have short rakes, and 
the midship section rectangular. The frames the hull are ins. 
apart between centers. Angles are used for the deck beams and Z-bars 
for the floors. There are two longitudinal bulkheads running the full 
length the boat, and five cross-bulkheads. They are all made 
plate, with double angles top and bottom. are water- 
tight and have syphon each the compartments. The thickness 
the side plating the hull and the other hull plating 
all laid fore and aft, lapped and single-riveted, except 
deck, where the seams are planed and butted and fastened with 
6-in. butt-straps single-riveted. Cross-seams are similarly butted and 
riveted. 

Special foundations 12-in. are provided for sustaining 
the heavy machinery and boilers. The boat provided with cabin 
156 ft. long, which protects the machinery and furnishes quarters for 
the crew. The operating room the forward end the cabin, and 
fitted with levers and brakes means which the boat 
maneuvered. 

The dredging pump different from those the dredges 
fore described, the shape the casing and the runner. The 
runner has five blades ins. wide, and ft. diameter. The 
edges run close the casing, but the runner not concentric with the 

casing, hence the outer ends the arms are nearer one side the 
casing than the other, the widest space being the bottom, and the 
space being nearly cut off projection the casing the upper 
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side the discharge opening. The shape the pump runner and 
the upper half casing shown Fig. Plate XXXIV. The 
axis the pump parallel the axis the boat and lies over the 
center line the same. The thickness the sides the casing 
ins., and that the outer circumference lined the 
inner side with steel plates fastened with countersunk bolts. This 
lining can renewed when worn out. The shaft the runner 
forged steel ins. diameter and ft. long. fitted the 
runner taper joint secured cap nut and two keys. The shaft 
has one long bearing through the aft side the casing. provided 
with water bushing under pressure keep the sand out the bearing. 
The sand pump driven vertical, inverted, two-crank, com- 
pound-condensing engine, with and 48-in. cylinders and 24-in. 
stroke. fitted with piston and slide valve and has adjust- 
able cut-off for the piston The cylinders are supported 
two cast-iron back frames box section, and four taper-steel front 
columns and ins. diameter. The bed plate cast iron, box 
girder pattern, ft. ins. long ft. ins. wide over flanges, and 
203 ins. deep from center shaft. has four babbitted journals 
ins. long and diameter. The steam chests are reached 
means stairway and gallery. The usual accessories the way 
relief valves, drains, lubricators, are provided. This engine was 
designed develop 800 H.-P. 140 revolutions per minute, with 
boiler pressure 160 lbs. and vacuum ins. 

The air pump and jet condenser has cylinder ins. 
diameter, water cylinder ins., and 24-in. stroke. 
mounted vertically over the water cylinder. The air cylinder 
copper-lined and the plunger packed with soft pack- 
ing. The valve seats are brass and the valves are 
brass spray-cylinder throws the water out jets. 

The engine which drives the cutters horizontal, two-cylinder and 
non-reversible, all attached sliding steel frame, which moves back 
and forth guides the cutter raised lowered. This neces- 
sary because the shaft which drives the sprocket chain not the 
axis motion which the suction and cutter revolve. The whole 
engine, with its frame, follows the motion the shaft, that the gear 
and pinion are always engaged. admit this motion, the steam 
pipes are provided with slip joints. The cylinders this engine are 


; 
¢ 
= 
; 
2 


490 OCKERSON DREDGES AND DREDGING. [Papers. 


12} ins. diameter and have 15-in. stroke, with the locomotive type 
slide valve. operates the cutters through spur gears and 
sprocket chain. 

The fire pump duplex, with two steam cylinders ins. diam- 
eter and two 5-in. plungers with stroke The suction 
ins. diameter, and the delivery 4ins. This pump furnishes water 
all the journals where water pressure used keep out sand. 
The feed pump also duplex, with two steam cylinders ins. di- 
ameter, two plungers ins. diameter, with stroke inches. 

pressure filter ft. diameter, with capacity about galls. 
per minute provided. special 4-in. engine used revolve 
the cleaners. 

9-in. vertical engine provided run the machines the 
repair shop and the electric generator. 

There are two winding drums located forward the sand pump, 
one the starboard and the other the port side These 
are ins. diameter and ins. long, mounted 6-in. shaft with 
two bearings the main pillow-blocks carrying 48-in. gear wheel 
one end, and 84-in. gear wheel the other. These drums are 
provided with clutches and brakes, and are driven two independent 
double-cylinder, horizontal engines with 10-in. 12-in. cylinders. 

The ladder hoist for raising and lowering the suction, and the spud 
hoist for raising the spud, each bave drums ins. diameter and 
ins. long. The former the starboard, and the latter the port 
side the boat. The cables from these drums lead the roof and 
thence out through sheaves the ladder and spud. These drums are 
operated the same engines that operate the winding drums. 

Steam supplied four Heine safety boilers rated 250-H.-P. 
each. These boilers have two shells ins. diameter and ft. 
ins. long; two water legs flanged and riveted sheets held hollow 
stave bolts; 140 lap-welded tubes ins. diameter and ft. long. 
and one submerged movable mud drum each shell. These boilers 
are erected two batteries the main deck near the aft end the 

boat. For each battery there one stack, ins. diameter and 
ft. high above the grate. water heated passing through 
heater with ft. ins. diameter, fitted with 114 cor- 
rugated copper tubes ins. diameter and ins. long. This 
heater situated the center the boat between the boilers and the 
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main engine. The main steam pipe ins. diameter, the feed pipe 
ins., and the drip, blow-off and safety pipes are ins. diameter. 

The intake the sand pump from one pipe ins. diameter, 
entering the axis the pump the forward side the casing. 
This single pipe runs ft. the forward bulkhead and there 
branches into two pipes, each 24} ins. diameter, which separate and 
pass through the bow the boat below the water-line ft. apart. 
These two pipes turn the right and left square along the outside 
the bow and then turn forward again and each branch separates into 
two pipes 17} ins. diameter, which connect with the suction head. 
The whole framed together that the four pipes, suction head and 
cutters are raised and lowered together one piece. Instead 
radial slip joint for the suction pipes, used the dredges already 
described, there vertical flanged joint the horizontal part each 
pipe next the bow, and the revolving pins that sustain the weight 
the aft end ofthe suction are placed the prolonged axes these 
pipes. 

The cutter for loosening the material placed the outer end 
the suction head. has twenty-two cast-steel wheel cutters, each 
having four blades mounted steel shaft ins. square. This 
shaft driven the cutter engine means two steel sprocket 
chains, rate about eight revolutions per minute (see Fig. 
Plate XXXIV). The discharge outlet the starboard side the 
casing near the bottom, and leaves the pump right angles the 
intake. After leaving the pump the pipe rises that the center 
slightly above the axis the pump, and runs aft parallel the side 
the hull until passes the main engine. bends over the 
center line the hull, and the center the pipe drops about ins. 
below the water-line and runs straight aft under the boilers, through 
the stern, where the floating pipe coupled on. 

The floating discharge pipe 000 ft. long, with the usual rubber 
couplings intervals ft. There are pontoon floats each side 
this pipe, section, with the flat side closed, and they 
sustain the pipes yokes which are firmly attached the floats. 
There baffle plate the end the pipe line. 

The dredge provided with sixteen hydraulic piles, six which 
are ins. diameter and ft. long and ten are ins. diameter and 
ft. long. 
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The various parts the winding machinery can handled and 


moved means 5-ton traveling crane. traveler also pro- 
vided, with which move the pump and main engine. The repair 
shop contains screw-cutting engine-lathe, drill press, black- 
smith’s forge and full set tools. 

The boat equipped with one search light, two are lights and 100 
incandescent lamps. 

The weights the various parts the dredge are about fol- 


lows: 

Main pump and engine ............... 105 568 

Cutter engines and 000 

Winding engines and machinery, with extras...... 000 

Air, feed and fire pumps, with extras.......... 

Electric plant engines, dynamos, 

Derrick, ladder, travelers, tackle sheaves, bolsters, 

Capstans, spud, piping and fittings, deck fittings, 

Discharge and suction pipes pertaining hull.... 

Boilers, stacks, etc., complete..... 000 

Spare parts for main pump, 565 


The weight the floating pipe line 221 477 
This dredge was launched February 20th, 1897, and the tests 
were completed August 11th, 1897. 


The results the efficiency and capacity tests are given Table 

No. 

0. 

The construction the dredges Epsilon and Zeta was begun early 
January, 1897. They were built under contract with the Spring- 

field Boiler and Manufacturing Company, Springfield, The 

work this company its own shops were confined chiefly 

the hulls, floating pipe lines, boilers, and work. The 
pumps, engines, etc., were sublet other manufacturers. 
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The stipulated capacity these dredges 1000 cu. yds. ordin- 
ary river sand per hour, dredged from maximum depth ft., and 
delivered through 000 ft. floating pipe. 

The dredges are alike throughout, except that the Epsilon has water 
jet agitators and the has mechanical agitators. The contract 
price the Epsilon $102 000, and the $106 000. 

The hulls are steel, 157 ft. long, ft. wide and ft. deep. 
There well the bow ft. long, ft. wide the hull, and 
ft. wide the forwardend. There are two open spaces the hull, 
one for the engine and pumps, and one for the boiler and coal bunkers, 
All other parts the hull are decked over. 

The floor beams are 12-in. steel channels, lbs. per foot. The 
frames are 4-in. angle irons, lbs. per foot, and are spaced ins. 
between centers throughout the engine compartment, and ins. for 
the other parts the hull. There are ten 15-in. keelsons, the 
two outer ones weighing lbs. per foot and the others per foot. 
These keelsons are riveted the floor beams. 

The greater part the hull plating thick. The center 
strake the bottom plating, the upper strake the side plating and 
the bow end plates are thick. The deck plating in. thick. 
The butts all outside plates are planed fit closely. The 
longitudinal seams are lapped ins. and single riveted. The plates 
are butted the transverse seams and riveted butt straps in. 
thicker than the plates. 

The hull divided into eleven water-tight compartments two 
longitudinal bulkheads and five cross bulkheads. 

The frames the engine and boiler pits are covered with 
plates. Special beams and angles are provided for supporting the 
machinery. 

The main sand pump located the axis the hull, the for- 
ward part the engine pit. similar form that the 
Gamma. That say, has divided suction, consisting two 
24-in. pipes, admitting the water both sides the casing, and the 
shaft the runner extends through the casing with bearing each 
side. The main bearings the pump runner are protected from sand 
means ring water under pressure supplied the fire pump. 
The discharge from the bottom the casing and ins. 
diameter. The pump runner ft. ins. diameter and has seven 
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about 160 revolutions per minute. Pressure-gauges are provided 
show the suction and delivery heads. 

The main engines which operate the pump connected the 
ends the shaft passing through the pump runner means 
flanged couplings. There tandem-compound engine each end 
the shaft, each having cylinders and ins. diameter and 
18-in. stroke. The cranks are set right angles with one another. 
These engines are balanced horizontal direction, and automatic 
governors are provided regulate the speed. They are designed 
develop 650 H.-P. about 180 revolutions per minute, with boiler 
pressure 150 lbs. Plate XXXV show the engine place. The 
engine sub-bases connect with and are bolted the base the pump 
casing, thus forming common base for the whole. Table No. 
shows the performance these engines the Zeta. 


New Mo., January, 1898. Size Ins. 


3 3) = 
178 140| 28.5 223 128 138 
187 152| 11.9 26.5 238 119 207 178 742 
182 11.5 25.5 225 195 165 682 
180 28.5 241 110 204 165 147 
180 12.9 28.5 231 115 191 154 691 135 
179 14.0 232 109 195 158 694 105 
180 12.9 28.5 101 184 149 656 156 
15.8 260 137 272 247 916 


After taking Card No. the governor was changed more sensitive position. 
Shaft broke outside main journal starboard engine two minutes after cards 
were taken. 


The Epsilon has 15-in. centrifugal jet pump operated vertical 
cross-compound engine with cylinders and ins. diameter and 
with 12-in. stroke. The engine the same base the pump, and 


directly connected with flanged coupling. This pump the 
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starboard side the rear end the engine pit. The intake, ins. 
diameter, the side, and the discharge pipe, ins. diameter, 
leaves the casing the bottom and leads the pressure chamber 
the suction head (Fig. Plate XXXVI). Two boiler feed pumps are 
located the engine pit opposite the jet pump, near the port side 
the boat. The cylinders are and ins. diameter, and the stroke 
There also fire pump, with cylinders and ins. 
diameter, with 10-in. stroke. These pumps are arranged with suit- 
able cut-off valves that they can used together singly, may 
desired. 

The winding engines and the hoisting and hauling drums are loca- 
ted near the bow the boat. The hauling engines for controlling 
the movements the boat are located one each side the bow. 
The drums are ins. long and ins. diameter, and hold about 
200 ft. wire rope two laps. Each these drums opera- 
ted 8-in. double-cylinder engine provided with link re- 
verse and suitable clutches and brakes giving fast slow motion, 
may required. The suction hoist situated little the port side 
the center line the hull. The drum ins. long, and ins. 
diameter. operated double engine with 8-in. cylinders. 
The spud hoist located just behind the anchor spud and the 
starboard side the center line the hull. also operated 
8-in. double engine, and used for raising lowering the 
anchor spud. The drum ins. long and ins. diameter. The 
operator stands elevated platform behind the winches and con- 
trols their movements means vertical levers. 

The repair shop located between the operating room and the 
engine pit. provided with lathe, drill press, screw and bolt 
cutter, shaper, forge and engine run the several machines. 
full set machinist’s and blacksmith’s tools also provided. the 
same room located the engine and direct-connected dynamo, fur- 
nishing light for all parts the boat and also powerful search light 
the bow and two arc lights the stern. 

the the jet pump omitted and mechanical agitator for 
stirring the material used. This agitator consists vertical 
scraper harrow attached the front end the suction head which 
given up-and-down motion means bell crank. divi- 
ded into two parts, which are suspended front the port and 
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board suctions, respectively. connecting rod pitman extends 
from each agitator back the rear end the well, where connects 
with second oscillating crank operated engine with 10-in. 
14-in. cylinders. These engines are connected through gearing 
common shaft extending entirely across the boat. order lessen 
the danger breakage from snags other solid obstructions, 
shearing pin provided the angle the forward crank which 
arranged shear off before sufficient strain the agita- 
tor break it. Mechanically considered, its movements are quite 
satisfactory. the tests was demonstrated that the capacity 
the pump with this agitator was not much over half the capacity 
the pump with jet agitators. will therefore taken and jets 
will This device the invention Edward Flad, Am. 
Soc. 

Steam for the various machines described above derived from six 
boilers located near the aft end the boat. These boilers are ins. 
diameter and ft. long, with three and two 13-in. flues, and 
are designed for working pressure 140 lbs. They are arranged 
two batteries operated separately together. Each 
battery has smokestack ins. diameter and ft. high. The 
boilers are set below the main deck and rest channel bars placed 
across the keelsons. The feed water pumped through heater 
which receives the exhaust steam from the main engines. donkey 
boiler, ins. diameter and ft. high, also provided furnish 
steam for the electric light and shop engines when the main boilers 
are not use. 

The two suction pipes run forward from the pump casing, separat- 
ing gradually until ft. apart the bow. this point tight 
radial joint provided, which connects the pipes the hull with the 
pipes from the suction head, and admits the vertical motion neces- 
sary for dredging different depths. The suction can lowered 
maximum depth ft. Outside the hull the two suctions are 
framed together rigidly and are handled single piece. The raising 
and lowering accomplished means sheaves and tackle attached 
derrick frame located over the forward end the suction well. 
straining frame provided that when the suction lowered 
suitable depth can thus relieves the tackle the 

weight, and maintains the suction constant depth. Each part 
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the suction head ft. long, making the suction ft. wide 
over all. 

The Epsilon suction head has pressure chamber the under side 
the front end connecting with the jetpump. jet nozzles are 
screwed into the front side this pressure chamber and serve loosen 
and stir the sand and induce the flow material the suction. 

The discharge pipe passes straight aft from the pump between the 
two central keelsons, and rests the floor beams for distance 
about ft. From this point rises gradually for distance ft. 
until the center the pipe ft. above the bottom the boat. 
Then runs horizontally straight out through the stern, projecting 
far enough couple the floating pipe line. The pipe flattened 
out near the pump casing depress below the water-line and 
thus facilitate priming, which done using steam syphon the 
top the casing. The floating discharge pipe similar those pre- 
viously described, except that greater buoyancy provided, and the 
shape the float somewhat flatter. Fig. Plate XXXVI, show- 
some these pipes under construction and gives good idea their 
form. They are built 50-ft. lengths. 

Traveling cranes are provided for the easy handling ma- 
chinery the engine room and the hoists; and there one steam cap- 
stan each corner the dredge. Steam syphons are provided for 
all the water-tight compartments. Six 10-in. and ten mooring 
piles the usual form are provided for each dredge. 

velocimeter provided for showing the velocity flow the 
discharge pipe. This consists two vertical tubes which pierce the 
discharge pipe. They are set the vertical plane passing through 
the longitudinal axis the discharge pipe. below the 
upper inner surface the pipe, }-in. tubes, ins. long, are inserted 
the one nearest the pump being open toward the pump 
receive the pressure flow and the other turned the opposite 
direction. The upper ends the vertical tubes connect with glass 
tubes attached suitable scales. The difference the height the 
columns water the two tubes, when water flowing through the 
discharge pipe, gives results from which the velocity flow can 
deduced. 

Weighing apparatus, designed show the percentage solid 
matter passing through the discharge pipe, also provided. ac- 
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complish this, suitable length the pipe connected each end 
which leaves the joints flexible. One end this pipe 
then supported weighing apparatus properly counter-balanced. 
indicator located where can readily seen the engineer. 
The pointer set that reads zero the dial when water only 
pumped. When sand pumped the pointer will show the dial 
the weight the same any moment, and consequently the percent- 
age solid matter. 

Both dredges have cabins, for the protection the machinery and 
provide quarters for the crew. the main deck the house ft. 
wide, 113 ft. long and ft. high. Above this the cabin proper, 
ft. wide, ft. long and ft. high, built and arranged 
ordinary steamboat practice. There are ample accommodations for 
crew fifty. 

The weights the various parts each these dredges ure about 
follows: Hull, 442 388 lbs.; main pump and engines, 117 060 
cutter engine and agitator, Zeta, lbs.; jet pump and engine 
Epsilon, 010 winding engines and machinery, 436 fire 
and feed pumps, 100 heater, 4925 electric plant, 200 
derrick, A-frame, travelers, sheaves, pipes and fittings, deck fit- 
tings, capstans, etc., 500 discharge and suction pipes pertain- 
ing hull, Epsilon, 447 same for 509 boilers, 
stacks, etc., complete, 195 000 lbs.; cabin, complete; 120 000 Ibs. total 
approximate weight each dredge, 057 118 weight floating 
pipe line, 325 000 Ibs. 

The efficiency tests these dredges were begun about the middle 
January. Owing delays occasioned high water and some 
minor modifications that were required, the capacity tests were de- 
layed until the latter part March, 1898. 

The results these tests are given Tables Nos. and 

The specifications and plans all the dredges the Mississippi 
River Commission have been prepared under the direction and sub- 
ject the approval the Committee Dredges, consisting Major 
Thomas Handbury, Corps Engineers, Henry Flad, 

The dredges Gamma, Delta, Epsilon and Zeta were constructed 
under the direction Captain Waterman, Corps Engineers, 
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Another dredge has been designed for work the river below 
Cairo, and the contract for its construction will let during the 
present year. This will single-pump dredge, similar form 
the Epsilon, but will provided with side wheels and propelling 
machinery. 

Perhaps the most important feature hydraulic dredge its 
pump. there wide variance practice the form and size 
pump runners, will probably interesting show the details 
the several pumps now use the Mississippi River. These are 
shown the following plates: Alpha, Plate XXXVII; Beta, Figs. 
and 12; Gamma, Plate XXXVIII; Delta, Plate XXXIX; Epsilon and 
Zeta, Plate XL. 

The general features the dredges now use the Mississippi 
River below Cairo are summarized Table No. 

Two dredges for use the Mississippi River between the Missouri 
and Ohio Rivers are now under construction and are practically com- 
pleted. They were designed and constructed under the direction 
Major Thomas Handbury. They will ready for use during the 
next low-water season. expected that navigable channel ft. 
deep can maintained with these dredges, aided the temporary 
jetties and the jet dredge. 

The hulls these dredges are steel, 160 ft. long and ft. wide, 
with ft. depth hold. Their working draft will about ft. 
The framing the hulls consists 12-in. channels weighing lbs. 
per foot for floor beams; side frames 4-in. angles, per foot, 
riveted web floor beams. The above frames are spaced ins. 
the engine and boiler pit, and ins. through the remainder 
the hull. There are keelsons, running the entire length the 
boat, made 15-in. steel The outboard beams weigh 
Ibs. per foot and the intermediates lbs. per foot. Each keelson 
riveted each floor beam. The the bottom plating 
thick, the other strakes being in. thick. The deck plating 
thick. The upper strake the side plating in. thick, and 
the other side plates are in. thick. The divided into 
water-tight compartments. 

Each dredge provided with two centrifugal pumps with single 
suction the axis the pump discharging from the lower side the 
casing. ins. diameter and the discharge the 
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pump the same diameter, but expanded ins. the discharge 
pipe. The casing the pump ins. diameter and ins. across 
the inside. provided with liners which can renewed when 
worn. The pump runner ins. diameter and provided with 
three reversed curved arms. The ends these arms are fitted with 
detachable extension plates made mild steel. adjustable thrust 
bearing provided. water-jet connected with the main bearing 
keep out the sand and grit when the pump running. 

Each pump operated direct-connected, horizontal, com- 
pound, non-condensing engine. These engines are designed run 200 
revolutions per minute and develop 300 H.-P. boiler pressure 
140 lbs. This speed regarded the average work the 
engine, and expected maintain through the suction and discharge 
pipes the velocity necessary carry least sand and 80% 
water under maximum head ft. 

jet pump provided with each main pump which serves loosen 
the material the end the suction and thus facilitate its passage 
into the suction pipe. The jet pump has two high-pressure cylinders 
ins. diameter, two low-pressure cylinders ins. diameter, and 
two water plungers ins. diameter; all having 10-in. stroke. The 
capacity the pump 200 galls. per minute against water press- 
ure lbs. when running compound under steam pressure 150 
lbs. These pumps discharge through 8-in. pipes terminating three 
bronze nozzles ins. diameter, their extremities radiating dis- 
tance about ins. apart and just beneath the suction the main 
pump. 

Steam supplied six boilers the Mississippi River steamboat 
type. These boilers are ins. diameter and ft. long, and each 
shell contains five 11-in. flues. They are made 000 
tensile strength, and all respects conform the rules the 
Board Supervising Inspectors. They are designed for working 
pressure 140 lbs. per squareinch. The boilers are arranged two 
batteries, with three boilers each, which are connected one 30-in. 
steam drum and two 15-in. mud drums. The steam connections are 
arranged that one both batteries can used will. There are 
two smokestacks ins. diameter and ft. high. The boilers are 
supplied two feed pumps with outside-packed plungers ins. 
diameter and 10-in. stroke. 
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The boilers and machinery rest keelsons, the hull being 
left open for the space occupied these parts. The remainder 
the hull decked over with steel plates. vertical anchor spud 
placed near the bow the hull. 

The main suction pipes are suspended from derrick are 
raised lowered required winches, that each suction can 
operated independently. The suction head opening, end the 
suction pipe, ins. high long. The inner end the 
suction works hinge and slip joint. 

There one 24-in. tank-steel discharge pipe foreach pump. Each 
these pipes attached the fixed sections the hull swivel 
joint which admits swinging the pipe out sidewise. The pipes are 
lengths ft., and each length floated steel pontoon with 
pointed ends, the pipe being attached the float the middle joint 
such way that the pontoons lie parallel with the current when the 
pipes are deflected one side. Each discharge pipe 500 ft. long, 
the several joints being connected together with rubber gaskets. The 
first joint connected tothe fixed joint the stern the dredge 
heavy coupling ft. ins. long. 

operating the dredge, two iron piles are set line with the cut, 
and the dredge attached them two }-in. wire cables 200 ft. 
long. The dredge end each these cables attached winch 
having 42-in. drum. These winches have double engines and are 
geared give speeds from in. 7ins. The dredge 
pulled ahead rapidly the dredged material can taken through 
the pipes, which, course, varies with the depth material handled. 

The electric light plant consists one candle-power search 
light, two 000-candle-power lights, and seventy-five 16-candle- 
power incandescent lights. The dynamo 110-volt machine the 
Western Electric pattern, operated horizontal, single expansion 
10-in. engine. 

cabin provides ample quarters for officers and crew, and ma- 
chine shop gives facilities for repairs. 


Ram. 


the fall 1893 the dredge Ram was completed the Bucyrus 
Steam Shovel and Dredge Company, for use keeping open the chan- 
nel from the Mississippi River into the Red and Atchafalaya Rivers. 
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was built under the direction Captain John Millis, Corps Engi- 
neers, This dredge cost $69 500. The capacity about 300 
cu. yds. mud per hour, delivered through 300 ft. pipe. 
provided with propelling machinery such commonly used stern- 
wheel steamboats. The ft. long, ft. beam and ft. deep. 
built long-leaf yellow pine. has two longitudinal and two 
transverse bulkheads, dividing the hull into nine water-tight compart- 
ments. The dredging pump Edwards centrifugal, with 15-in. 
suction and discharge. The intake from the starboard side and 
the discharge from the bottom the casing. The pump run 
through belt connection horizontal, compound-condensing 
engine. The cylinders are and ins. diameter, with stroke 
ins. 

This dredge can work any depth ft. arranged 
that material can discharged either side will. vertical 
anchor spud provided the stern the boat, which swings 
means kedge anchors laid out from either side the bow and 
maneuvered winding drums. this way wide cut can made 
swinging the cutters from side side. 

The cutter and suction supported A-frame, the inner legs 
which are pivoted the sides the bow. The frame raised 
lowered with wire rope tackle attached the upper end suitable 
shears and operated winding drums. The cutter conical steel 
casting with eight steel blades forming cutter ins. diameter 
the end and ins. diameter the base. This cutter the 
outer extremity 5-in. steel shaft, which revolved gear wheels 
the bow the ‘boat, and operated sprocket wheel and chain. 
The suction proper starts the base the cutter. 

The propelling engines have 15-in. cylinders and 52-in. stroke. 
There combined, duplex air and feed pump and condenser, with 
in. steam cylinder, air cylinder and 10-in. stroke. Fire and bilge 
pumps are also provided. 

The cutter shaft and winding drums are operated pair 
auxiliary engines, the cylinders which are ins. diameter and 12- 
in. stroke. The drums are worked separate clutches. 

Steam supplied two main boilers ft. long and ins. 
diameter. Each shell has 3-in. tubes and corrugated furnace 
flue ins. diameter and ins. long. 
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The boat lighted throughout electricity. There double- 
deck cabin which provides ample accommodations for the crew and 
protects the machinery. 

This boat has been quite successful from the start. During the 
low-water season 1894 she dredged 265 000 cu. yds. material 
cost trifle over cents per yard. The material was largely 
clay. The material generally delivered through about 
ft. pipe suspended from derrick and attached the boat, 
shown Plate XLI, from which good general idea this boat can 
obtained. 

has also been used with considerable success building levees. 
estimated that under favorable conditions levee ft. high can 
built cost about cents per cubic yard. 


DREDGES. 


1888 two dredges the elevator type were procured, one for 
use Vicksburg harbor and one for the mouth the Red River. 
These were called the Menge and the 

actual work the Menge has dredged 000 cu. yds. working 
hours. This dredge cost about $18 000. The has about half 
the above capacity and cost These dredges, generally 
equipped, deliver the dredged material into dump scows which are 
towed the desired point and dumped. some favorable situations 
the material delivered through sluice boxes supported barges. 
These dredges, properly constructed, are very successful when 
operated soft material. 

the mouth the Red River the efficiency propeller wheels 
and stern-wheel boats have been thoroughly tried removing the 
sediment and keeping the channel open. Under favorable conditions 
some good results have been obtained this way; but the whole, 
generally conceded very poor makeshift. 


DREDGE BAYLEY. 


The dredge Bayley was built Carroll Company, 
Pittsburg, for use South Pass. arrived Port Eads the 
fall 1877. This boat constructed iron throughout. The hull 
about 200 ft. long over all, ft. wide, and ft. depth hold. 
With fuel board, draws about ft. water. self-propelling 
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means side wheels ft. diameter, with buckets ft. long. 
These wheels are operated two engines with cylinders and 
7-ft. stroke. The boat provided with rudder each end ob- 
viate the necessity turning when dumping returning the cut. 

This dredge has centrifugal pump the Andrews’ Cataract pat- 
tern, with runner ft. diameter and ft. wide, mounted 
in. steel shaft. operated condensing engines, 
placed forward the pump, having 24-in. cylinders and 20-in. stroke. 
The wrought-iron suction pipe ins. diameter. This suction 
operates recess ft. wide, and ft. length, located the 
stern the boat. connects with the pipe the boat, just above 
the bottom plating and near the pump, means joint which ad- 
mits deflection 30° from the axis any direction. The lower 
end the suction curved and flattened out width ft., and 
armed scraper. Thesuction supported flat plate 
resting the sand prevent the scraper from cutting This 
scraper takes slice sand about ins. deep and ft. wide. 
stream water about half the above depth and the same width 
enters the suction the same time. 

The movable part the suction, when operation, ft. 
water, stands angle about degrees. When not use 
lifted above water, under the extension the main deck, the end pro- 
jecting about ft. aft the stern post. The discharge pipe 
ins. diameter and arranged that the spoil can deposited 
the spoil bins board, delivered cither side the boat 
through pipes swung from derricks. There are four boilers, ins. 
diameter and ft. long, with four each. 

The four spoil bins stand forward the engines. They are ft. 
long, ft. wide and about ft. deep, and have capacity about 
512 cu. yds. dredged material. These tanks are filled about 
minutes, when the suction raised and the boat proceeds the 
dumping ground. Two-thirds the available time occupied un- 
loading. Overflow gates are provided allow the water 
escape while the sand settles the bottom, thus insuring greater 
load solid matter. working day hours the average 
amount solid matter removed cu. yds. The tanks are divi- 
ded into compartments, each which terminates hopper having 
4-ft. opening through the bottom the hull. These openings are 
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closed valves operated hydraulic jacks with capacity about 
12} tons. The sand washed out the tanks means two jets 
each hopper. 

The capacity the dredge when delivering the material de- 
scribed about 350 cu. yds. perhour. the material simply deliv- 
ered overboard, the capacity about 000 cu. yds. per hour. When 
dredging, the boat moves down stream, with the suction lowered, 
the rate about miles per hour. 

This dredge cost about $150 000. was designed Jas. Eads, 
Am. Soc. E., for the special purpose working deep rough 
water with strong This boat now over twenty years old, 
but still serviceable. 

The foregoing descriptions cover fleet eight hydraulic dredges 
large capacity and five other dredges, all which are now available 
for use improving the low-water navigation the Mississippi 
River. The dredge Alpha has been operated for three seasons, the 
Beta for two seasons, and the Gamma and Delta for one season. They 
have all demonstrated the practicability moving economically im- 
mense quantities material space time. They have also 
shown that good navigable channels can opened through the reefs 
that obstruct navigation. 

far the machines themselves are concerned, they seem 
meet the requirements fully. The value these dredges aids 
navigation depends far more the proper location and direction 
the cuts made than the efficiency the machinery. Exper- 
ience may show that some cases the dredges can made more 
filling side chutes and thus throwing the water into 
one channel, rather than attempting enlarge one the chan- 
nels dredging out the material. may also found desirable 
some cases discharge the material the sides the proposed 
channel rather than deliver distance through long discharge 
pipes. 

has already been stated, the volume material rolled along the 
bottom great far outweigh the greatest possible capacity 
any dredge. those who are not familiar with this phenomenon 
will seem incredible that dredge with capacity over cu. 
yds. per hour may operated for days and leave scarcely trace 
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OF 
Average depth 
Cuts. feet. 
Island No. (211 L), 
August 31st September 24th, Beta. 945) 121.0) 49.1 4.2 
Island No. (179 R), 
Osceola Bar (164.5 R), 
Hathaways Lower Crossing (102 L), 
Cherokee Crossing (89 R), second time, 
October 15th 24th, Beta. 435) 78.2) 82.3 5.0 
Lower Point Pleasant, Mo. (79.5 
October 25th November 3d, 1896 ..... Beta. 86.2 5.8 
Cherokee Crossing R), third time, 
November 4th Beta. 980; 175.0) 51.3 5.4 
Cherokee Crossing (89 R), first time, 
Point Pleasant, Mo. (79 R), 
Compromise Bar (77 L). 


the cut. Or, the other hand, the cut has been located 
meet the requirements the current, channel will scoured out 
and amount material removed which would probably exceed 
the capacity the dredge many times. means certain 
that the channei will always follow the line the cuts. some- 
times happens that after some days diligent dredging, channel 
develops without assistance line quite remote from the dredged 
cuts. 

Whatever done during one low-water season generally obliter- 
ated the succeeding high water. The successful location cut 
during one low-water season does not necessarily imply that similar 
location during the following season will give like results. fact, 
new problem presented each bar every season. 

stream this character is, course, extremely difficuit 
determine particular case just what share the channel should 
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1896. 


Low SEASON 


Distribution time hours. 


Capsizing pipes delayed the work 224% hours. 

11434 hours. 


credited the dredging and what proportion natural causes. 
Enough bars have been dredged, however, fully demonstrate that 
the dredging least induces the scour which eventually results 
wide and deep channel. 

During the low-water season 1896 there were eight bars between 
Cairo and Memphis which obstructed navigation. Channels were suc- 
cessfully opened through all them except which was aban- 
doned account extraordinary change the river which shifted 
the channel from the right the left bank. One the most interest- 
ing these bars shown Figs. 13, 14, and 16. Fig. shows 
that one day before dredging there was barely 7-ft. channel between 
the upper and lower pools. The broken lines enclose the area where 
the dredging was done. The controlling depth this area was ft. 
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Fig. 14, two dredging was completed, shows the two pools 
connected good 9-ft. channel with ft. water for the greater 
part the length. Fig. shows the conditions seventeen days after 
dredging. The cut has deepened and 11-ft. channel from pool 
pool, and ft. nearly all the way through, found. Fig. 
shows, forcible way, the magnitude the natural movement 
sand bars. Thirty-three days after dredging, the channel was found 
about 500 ft. below the cut opened the dredge. The site 
the dredged channel, which Fig. 15, only sixteen days earlier, 
showed ft. water, now has barely The 9-ft. channel, how- 
ever, still remains, although has drifted down stream. This 
change occurred during rapid rise the end the low-water season 
1896. 

summary the dredging operations during the season 1896 
given Table No. 10. 

The following table shows the cost operating the two dredges 
during the low-water season 1896: 


Miscellaneous engineers’ supplies 
Mates’ supplies 
Repairs 5.41 
Lighting supplies 
Miscellaneous 


This only covers the cost operation the several bars, and does 
not include the cost repairs prior the beginning work, the 
expenses incurred while waiting developments the stage river 
see whether further work was necessary not, nor the cost 
moving winter quarters. These items amount $12 953.23, giv- 
ing total for the season $42 226.17. 

During the low-water season 1897 four dredges were work 


the bars below Cairo. The cost operating them given the 
table page 519. 
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145.10 
Hire tow boats for moving plant......... 
Preparation and moving into field.......... 
Moving winter quarters end season.. 
Cost inspection and supply boat......... 554.75 
Cost operating two survey boats......... 674.10 


Fig. shows conspicuous sand bar Lazelles, some miles 
below Cairo. When the survey this bar was made, just before 
dredging, the distance from the 9-ft. depth the upper pool the 
same depth the lower pool was 400 ft. that time the amount 
excavation required make 9-ft. channel 250 ft. wide the 
datum stage was61 000cu. yds. Gamma was work this 
bar ten days, and the actual dredging time was one hundred and 
seventy-eight hours. Taking the capacity the dredge cu. yds. 
per hour gives the total amount dredged 142 400 cu. yds. Thirty- 
one days after the dredging was completed there was 10-ft. channel 
clear through the reef, except for distance about 225 ft. where 
the depth was only ft. (see Fig. 18). Seventy-six days after the 
dredging was completed the channel was found 350 ft. wide 
the narrowest point, over 000 ft. wide for more than nine-tenths 
the length, and with least depth ft., and average depth 
ft. (see Fig. 19). 

Hathaways, about 104 miles below Cairo, the surveys showed 
avery ragged 7-ft. channel before dredging. One and half days 
after dredging, narrow 9-ft. channel connected the upper and lower 
pools, and clear 8-ft. channel 350 ft. wide extended across the bar. 
Thirty days later the channel was found ft. deep and 800 ft. 
wide with the exception narrow shoal the lower end. 
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SECTION A-B 


SAND BAR 


MISSISSIPPI RIVER 
VICINITY LAZELLES MO, 


82.4 MILES BELOW CAIRO. 
1897. 


SCALE OF FEET 


400 2 200 400 600 800 1200 


SOUNDINGS ARE REFERRED TO MEAN LOW WATER, 
ON NEW MADRID GAUGE, WHICH CORRESPONDS 
TO A READING OF 2.2 FT. 

GAUGE AT TIME OF SURVEY = 7.6 FT. OR 5.4 FT. 
ABOVE MEAN LOW WATER. 

ZERO CONTOUR(.---.- )CORRESPONDS TO WATER 
SURFACE AT MEAN LOW WATER. 


DEPTHS GREATER THAN 9 FT. ARE SHOWN THUS = 
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Beef Island, 211 miles below Cairo, the channel was deepened 
ft. one hundred and six hours actual dredging the dredge 
Delia, spite the presence many sunken logs and snags. 

President’s Island, just below Memphis, the dredge Delta was 
employed opening channel through reef which was causing 
much trouble navigation. the bed the river this locality 
there considerable quantity conglomerate rock and lignite 
found. The mechanical agitators the Delia were therefore put 
very severe test. One solid piece ft. was.caught the 
cutters (see Figs. and Plate XLII). had broken into 
small pieces dispose it. When work began there was barely 
5-ft. navigable channel across this bar. After fifteen days’ work, dur- 
ing which period much time was lost clearing the cutters debris, 
leaving only eighty hours’ actual time, 9-ft. channel 100 
ft. wide and 300 ft. long was completed. This channel remained 
intact throughout the season, although wider channel broke through 
the bar lower down. 

During the low-water season 1897 channels were dredged through 
fifteen bars lying between Cairo and Graves Bayou, 248 miles below. 
view dredge work, showing the pipe line and the discharge 
against the baffle plate, shown Plate 

There were bars that obstructed navigation below Graves Bayou, 
far down Arkansas City, 435 miles below Cairo, and one bar 
even below Natchez, 710 miles below Cairo. The dredging plant, 
however, was too small cover more than the 250 miles from Cairo 
southward. The total number obstructing bars below Cairo during 
the low-water season 1897, where the navigable depth was less than 
ft., probably did not exceed twenty-five. Estimating each these 
bars 000 ft. length, the result aggregate about miles 
bad navigation total length 060 miles river from Cairo 
the Gulf Mexico, less than the length. 

Estimating the average depth cut required ft. and the width 
250 ft., gives the total amount material move 852 000 
cu. yds. remove this amount ten days would require eight 
dredges running the full time without interruption. Table No. 

that only about half the time utilized actual dredging. 

These bars not all develop the same time, and they not 

necessarily develop the same places during successive seasons. 
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MISSISSIPPI RIVER 
VICINITY OF LAZELLES LD’G. MO. 


MILES BELOW CAIRO. 
Oct. 16, 1897. 


SCALE OF FEET 


600543210 300 «600 900 1200 


SOUNDINGS ARE REFERRED TO MEAN LOW WATER ON 
NEW MADRID GAUGE, WHICH CORRESPONDS TO A READING 
OF 2.2 FT. GAUGE AT TIME OF SURVEY 1.9 FT. OR 
0.3 FT. BELOW MEAN LOW WATER. 


DEPTHS GREATER THAN 9 FT. ARE SHOWN THUS — 
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There are, however, certain general localities that have long been 
recognized steamboatmen liable develop bad navigation dur- 
ing any low-water season. Now and then, even these places pass 
through season without developing any serious obstructions, and 
such times dredging below Cairo will unnecessary. Seasons 
ing good navigation throughout are, however, not frequent. 

Dredging operations will, the main, confined the same 
general localities from year year, although wrecks, snags and bank 
erosions may occasionally develop new bars that will require dredging. 

The season 1895 was one extraordinary low water. one 
time during that season there were thirty-seven crossings between St. 
Louis and Cairo, where the water was ft. less depth. During 
ordinary seasons about much dredging would required between 
St. Louis and Cairo secure 9-ft. channel 250 ft. wide re- 
quired below Cairo for asimilar channel. The supply water above 
Cairo extreme low stages too limited readily admit 9-ft. 
channel depths. The requirements river traffic this reach would 
satisfied fairly well ft., and doubtful whether these 
depths can materially exceeded means dredges other tem- 
porary devices expense justified the value the results 
obtained. 

evident from the foregoing that the problem keeping 
navigation open the Mississippi River during the low-water season 
very far from being simple one. The magnitude the plant 
described sufficient evidence that strenuous efforts are being made 
and give safety and ease the navigation” the 
river, and the experience gained thus far justifies the belief that these 
efforts will successful. 

The writer indebted General John Wilson, Chief En- 
gineers, A., Am. Soc. E., Major Thos. Handbury, 
Captain Waterman and other officers the Engineer Corps, 
for free access records and drawings. also indebted his 
associates, engaged the improvement the river, for valuable 
assistance the preparation drawings and tabulated data. 
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MISSISSIPPI RIVER 
VICINITY OF LAZELLES LD’G. MO. 


Nov. 30, 1897. 
SCALE FEET 


600543210 


300 900 1200 


SOUNDINGS ARE REFERRED TO MEAN LOW WATER ON 
NEW MADRID GAUGE, WHICH CORRESPONDS TO A READING 
OF 2.2 FT. GAUGE AT TIME OF SURVEY 5.5 FT. OR 
3.3 FT. ABOVE MEAN LOW WATER. 


DEPTHS GREATER THAN 9 FT. ARE SHOWN THUS 
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AMERICAN SOCIETY CIVIL ENGINEERS, 
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PAPERS. 


Society not body, for the facts and opinions advanced 
any its publications. 


RESERVOIR SYSTEM THE GREAT LAKES 
THE ST. LAWRENCE BASIN; 


Irs RELATION THE PROBLEM IMPROVING THE NAVIGATION THESE 
WATER AND THEIR CONNECTING CHANNELS. 


WITH MATHEMATICAL ANALYSIS THE INFLUENCE 
RESERVOIRS UPON STREAM FLOW. 


The immense system inland navigation, known the Great 
Lakes the St. Lawrence basin, possesses many features common 
with the navigation the high seas. These bodies water are 
great magnitude. The vessels which sail upon them rival size sea- 
going craft, and are built withstand storms which approach fury 
those the ocean itself. Light-houses and fog signals define the 
position dangerous coasts, and breakwaters are required protect 
the open roadsteads. The lake ports are essentially maritime ports, 
and the connecting channels resemble maritime straits and canals 
more than they ordinary rivers. The commerce the lakes has 


Captain, Corps Engineers, U.S. 

Assistant Engineer. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the and may 
sent mail the Secretary. The papers with discussion full will published the 
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now reached magnitude which makes respectable comparison with 
the ocean commerce various parts the world. Several the 
lake ports business exceeded but few seaports, and the com- 
merce which passes the Sault Ste. Marie Canal and the St. Clair and 
Detroit rivers surpasses volume that the world’s greatest maritime 
Similarity conditions has given rise similarity prob- 
lems, such the protection ports, the deepening harbors, and 
the enlargement connecting channels, which are common objects 
the interests navigation, alike the lakes and the ocean. 

There are, however, two important physical characteristics which 
create notable difference between the conditions ocean and lake 
navigation. One these the existence diurnal tides the ocean 
which presents problems distinct character not met with except 
tidal waters. The other the lakes, and relates their condi- 
tion bodies fresh water with perennial overflow. This character- 
not only gives rise problems new and distinct themselves, 
but affords new solutions for old problems pertaining maritime 
feature the navigation the Great Lakes that the present paper 
devoted. 

Notwithstanding the vast magnitude these lakes and their re- 
semblance many particulars tidal waters, they are, after all, only 
parts immense river system which drains large area country. 
They are subject the variable conditions water supply character- 
istic all streams. The connecting channels and the final outlet 
carry continuous current, always one direction, unlike maritime 
straits and canals through which the water may flowin either direction 
depending upon the state the tide the wind. But while the 
lakes and their connecting channels thus constitute great river sys- 
tem, that system differs from nearly all others this particular—that 
the flow the outlets practically exempt from those variations and 
irregularities which obtain upon nearly all other streams. 

The explanation this most important characteristic 
found, course, the controlling action these lakes great 
reservoirs interposed the course the stream. The storage rep- 
resented few inches rise and fall the lake levels enormous, 
and when withheld during the season and released the dry 
season, gives the outlets regimen flow which radically dif- 
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ferent from that ordinary river. This influence not annual 
merely, but cyclic well, and what may called wet years 
causes general rise mean level, the storage which maintains the 
flow the outlets during the ensuing years less than average pre- 
cipitation. The balance forces which Nature has here produced 
the course long ages one the most marvelous features these 
lakes; and careful contemplation cannot fail convince one 
that almost perfect compromise has been reached between the 
conflicting oscillations lake level and outlet discharge. dif- 
ficult see how either could brought nearer absolute uniformity 
without resulting departure the other which would more than 
offset the gain. 

Perfect this natural condition is, however, yet does not satisfy 
the ambition those who make commercial use it. There are many 
who consider the oscillation lake levels evil which ought not 
continue. The ship-owner, who loads his boat the 
full limit harbor depth, complains when the waters subside and 
compel him load draft. The periodic oscillation par- 
ticular, which every now and then results continuous subsidence 
mean level through series years, very damaging com- 
mercial interests and naturally causes good deal apprehension. 
Lake carriers are ied, account it, clamor for corrective, 
which, applied, might entail greater evils than those falling 
lake level, for they apparently forget that this very subsidence 
level which keeps the water the connecting channels from sub- 
siding much greater degree. 

Various causes have contributed give this subject unusual 
prominence recent years. period what might called dry 
years culminated 1895, the lowest mean level Lakes Michigan, 
Huron and Erie that has ever been experienced since the commerce 
the lakes has been matter great moment. The artificial enlarge- 
ment the natural cross-sections some the connecting channels, 
for the improvement navigation, has been thought many have 
contributed this result. Simultaneously with the continuance 
this unfavorable condition were the commencement and vigorous prose- 
cution project which contemplates the permanent withdrawal 
large amount water from Lake Michigan, the possible maximum 
the diversion being 000 cu. ft. per second. All these coincident 
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causes alarm created little uneasiness among commercial in- 
terests, and gave rise great deal earnest consideration 
ways and means averting the threatened dangers. Several public 
discussions and considerable amount professional literature 
the subject were the first result. The matter finally came Con- 
gress the shape several reports which were made the basis 
bill* provide for thorough investigation the whole question. 
the meanwhile Nature commenced removing the immediate cause 
apprehension, for the mean lake levels have been rising since 1895, 
and very likely will continue rise for some time come. 
natural result, the urgent clamor for action, which was prominent 
few years ago, subsided the lake levels rose, and will probably not 
assume troublesome proportions again until new period low water 
arrives. The problem, nevertheless, before for solution, and the 
respite afforded the natural relief now being enjoyed should not 
permitted unimproved, but should utilized the utmost 
bring about well-digested plan action before the hour neces- 
sity again arrives. 

This problem, developed the general discussions already re- 
ferred to, aims secure three objects: 

(1) control the lake levels which their annual and periodic 
oscillations may be, not altogether eliminated, still materially re- 
duced range. This purpose expressed the following extract 
from the bill proposed Congress the winter 1895-6, which 
directed, among other things, inquiry and investigation 
whether 


practicable control the waters the Great Lakes and main- 
tain them substantially uniform level all seasons the year, 
dam dams other works placed Niagara River the out- 
let Lake Erie, and system wing dams other structures 
placed the Detroit River and the St. Clair River, and the Sault Ste. 
Marie St. Marys River, near the respective outlets Lakes 
Saint Clair, Huron and Superior.” 

The words uniform are not specifically in- 
terpreted, but limit oscillation ins. has been urged prac- 
ticable one, least for Lake Erie. 


(2) permanent elevation the lake levels means con- 
tracting works the outlets. This, urged, would the sim- 


This particular bill did not become law. 
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plest, most effective and most economical method securing per- 
manent increase depth the ports and connecting channels 
the lakes. 

(3) Some means counteracting the tendency permanent low- 
ering lake levels due artifical enlargement natural cross- 
sections the connecting channels, the permanent diversion 
any portion the overflow another water-shed. 

may accepted preliminary condition, which there can 
qualification, that any alteration natural conditions the 
Great Lakes, which shall result material diminution flow 
the outlets during any portion the navigation season, cannot 
considered moment. therefore becomes matter the first 
importance determine what effect the attainment any the 
above objects will have the flow these outlets. 

Inasmuch the navigation system the Great Lakes, already 
pointed out, virtually great river regulated immense reser- 
voirs distributed along its course, manifest that the hydraulic 
features the problem are inseparably bound with the laws 
reservoir action the regulation stream flow. 


PERTAINING THE ACTION RESERVOIRS 


effect natural reservoir upon stream passing through 
reduce variations and irregularities flow and give the stream more 
uniform discharge upon leaving the reservoir than had before entering. 

The explanation this common phenomenon obvious. When 

the inflow into reservoir increases, the outflow will not generally 
increase the same rate, for portion the inflow will ab- 
sorbed storage due rise the reservoir level. like manner, 
when the inflow decreasing, the outflow will not generally decrease 
the same rate, for will reinforced the storage which flows 
out the reservoir falls. that, while the total outflow may equal 
the total inflow, will not generally show the same extremes varia- 
tion. The effect analogous that balance wheel upon the 
motion machinery; the wheel being virtually reservoir force, 
which irregular and sudden impulses are stored, and from which the 
stored force paid out sustain motion whenever there are sudden 
irregular cessations the application the moving force. 
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give mathematical expression this proposition: 


Let represent supply the most general sense that term, posi- 
tive and negative, including inflow from other reservoirs, rain- 


fall, run-off, evaporation, and all other sources supply orloss 
except the discharge the outlet. 


feet and may have negative values; 
Let represent the discharge the outlet second-feet; 
Let represent the variable height feet the reservoir surface 


above any datum, and also the outlet immediately the 
reservoir; 


Let represent the time seconds from assumed origin any 
value 


Let represent the area the reservoir square feet. 


Then, any instant, the rate change will represented 
the following equation: 


The equation for the discharge the outlet 


which always increases and diminishes with its particular 
form, any given case, depending upon the character the outlet. 

From equation (1) seen that whenever increasing, 
negative and also, that when and are maximum 

any cycle changes, the maximum value precedes and 
greater than the maximum value For the curves Sand 
were both plotted the same time scale, and both maxima were 
equal and simultaneous, the two curves would tangent each 
other that point where But has been seen that when 
approaching its maximum less than and that after leaving its 
maximum greater than The two curves thus intersect the 
point where and therefore cannot tangent; and since, 
this point, maximum and falling, must have already 
passed maximum greater than that like manner, will 
seen that the minimum follows, and greater (algebraically) 


than that The limits oscillation therefore, lie within 
those 
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From equation (1) will also seen that, other things being 
equal, the moderating effect reservoir upon stream flow varies 
directly with its area. 

the general proposition above stated the word was 
used way qualification, because the practical uses which 
artificial reservoirs are often put, the proposition not strictly true. 
some reservoirs the outlets are entirely closed during certain 
periods, and the water all released other periods, that, such 
cases, the natural fluctuations the flow the stream may actually 
increased, least radically altered their periods. 

Even natural reservoirs there are apparent, not real, excep- 
tions. Ifareservoir very small comparison the volume 
water flowing through it, but little larger fact than the channel 
the stream itself, the rise the reservoir will follow closely upon 
that the stream that the two may appear simultaneous and 
equal. This but one illustration what may stated general 
rule, that every stream virtually series small reservoirs and con- 
necting channels; and that all streamflow more less subject 
the influence reservoirs. 


RESERVOIRS SERIES. 

corollary the foregoing proposition, follows that, sev- 
eral reservoirs succeed each other descending series, that 
supply any reservoir must flow successively through all below, the 
fluctuation level the different reservoirs, due variable supply 
upper reservoir, will diminish with descent the series and 
will approach zero limit. 

has been seen that any reservoir the variation less 
than that but, neglecting local supply, one reservoir 
becomes that next below. Calling this and the discharge 
the lower outlet, Q’, there results: 


but (see notation just below), which 


rule natural reservoirs, will increase with descent the 
series. The change each term the above ratio therefore such 
diminish the value h*. 

The term used this paper, not taken its mathematical 


signification, but simply denoting the maximum and corre- 
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There are possible exceptions rule. should happen 
that particular reservoir were very small area, with engorged 
outlet, which the value were actually smaller than that the 
Variation 


outlet next above, the value might greater than 


for the next preceding reservoir. Examples this are common 
the flow nearly all streams. channel river en- 
gorged from any cause, the value less this point than either 
above below. the river valley above considered very 
small reservoir, shall have true example the above exception. 
known, matter fact, that the rise rivers times 
flood varies materially different points their course owing this 
cause. But while this exception true such extreme cases have 
been here cited, would not true any ordinary system 
reservoirs. 

For more specific study these relations: 

Let denote the area the reservoir square miles. 

Let denote the height feet the surface any reservoir above 
the mean level for the cycle. For the first reservoir considered, 
will written for the next reservoir the resulting oscillation will 

Let denote the coefficient reduction the ratio 


(maximum) 
(maximum) 


Let denote the coefficient reduction the ratio for 


one divided for that next above, 


Let denote the interval which elapses between the maximum 


minimum Sin any reservoir, and the resulting maximum mini- 
mum Ris expressed degrees arc; circle, 360°, 
representing complete cycle, taken this case one year. 

Let the variations supply represented the equation 
sin which the extreme variation second-feet above 


below the mean, and degrees arc, which 360 make complete 
cycle. 


streams considerable magnitude and small variation discharge, the as- 
sumption that (h) right line for slight changes involves small error 


not impair the least degree the validity the mathematical processes which 
enters. 
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Then the following equations may 


Sin. 
(3) 


From these equations seen that, for given cycle, func- 
tion area and outlet alone, and independent also 
function area and outlet alone; and isa function area and 
inlet and outlet. 

outlet decreases; increases decreases, the outlet in- 
creases; while increases and the outlet decrease, and 
the inlet increases. each the above cases the converse state- 
ment true. 

Inasmuch the conditions which control the oscillation level 
natural reservoirs are seldom, ever, such bring the crests 
transmitted waves from upper reservoirs, and those due local 
supply, simultaneously together, wave interference, which some 
extent neutralizes the combined effect, the result. other words, 
the maximum oscillation level any reservoir series never 
the sum the maximum local and transmitted oscillations, for 
these are never exactly superimposed; and they may even occur 
that the hollow the transmitted wave comes upon the crest the 
local wave, and actually cause smaller oscillation than there 
were transmitted wave. 

general proposition may said that, series natural 
reservoirs, such has been described, each with its independent local 
supply, the oscillation levels will mainly controlled the 
transmitted supply when the reservoir area relatively small, and 
the local supply when its area relatively large. 

For the better illustration the principles above enunciated, let 
the following example considered. Let there five reservoirs, 


See mathematical analysis hereto appended. 
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OSCILLATION CURVES ASSUMED RESERVOIRS 


SCALE DEGREES—360° EQUALS ONE YEAR 


THE RESPECTIVE RESERVOIRS 


Cc 


EQUAL 


~ 


SCALE FEET LOCAL SUPPLY 


LOCAL SUPPLY 
S=50 000 sin 
IN SECOND-FEET 


LOCAL AND TRANSMITTED OSCILLATIONS TOTAL OSCILLATIONS. 
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and assume the area each 000 square miles, the range 
variation 100 000 second-feet, and the same for each 
the reservoirs; and the values beginning with the first reservoir, 
000, 000, 000, 000 and 000 second-feet. The values 
and computed from equations (3), (4) and (5), may then 
follows: 


a * 0.475 0.396 


The accompanying oscillation curves (Fig. show for each 
reservoir the element total oscillations which comes from local 
supply, and that from each the reservoirs above, and enables one 
judge once the eye what proportion the total oscillation 
any case due local supply, and what transmitted supply. 
the example above given, which the reservoirs are relatively large, 
the oscillation mainly due local supply. For instance, the 
third reservoir, the maximum oscillation, due local supply, 
great the actual oscillation, and occurs days earlier. The 

transmitted oscillation 253% great the actual, and 
occurs days later. 

show what would the effect upon comparatively small 
reservoir, suppose that the above series, place the third unit, 
there introduced reservoir the following size and character- 
istics: Area, 400 square miles; range variation second- 
feet; outlet, second-feet. will then found that the 
maximum oscillation, due local supply, 30% great the 
actual, and occurs days earlier; while the maximum oscillation, 
due transmitted supply, 94% great the actual, and occurs 
days later. this reservoir, therefore, the oscillation level 
would mainly controlled the supply received from above. 

reduction the normal oscillation level natural reser- 
voir will increase the variation flow the outlet; and any reduction 
the normal variation flow the will increase the oscillation level 
the reservoir. 
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From equation (1) will seen that, the oscillation level 
consequently the values must diminished but since 
the variation from its mean greater than that and since 
the variation Sis here assumed remain unchanged, must 
brought nearer and its own variation must increased. 

The truth the above proposition readily apparent without 
mathematical demonstration. reservoir prevented from rising 
any amount, the water represented the storage under normal 
conditions must run out, and the flow the outlet must corre- 
spondingly increased. With falling reservoir exactly the opposite 
process applies, and the flow the outlet must diminished any 
restriction the normal amount fall. Finally, the oscillation 
level eliminated altogether, will become equal S—the condi- 
tion unreservoired stream. 

The importance this proposition arises from its relation the 
problem controlling the oscillation levels the Great Lakes. 

The principle laid down Proposition first sight incon- 
sistent with equation (2). discussing that equation was seen 
that increases diminishes with But has just been shown 
that reduction the fluctuations from its normal condition 
will increase the variation The explanation this 
apparent paradox is, that any change the normal variation 
only brought about some modification the form co- 
efficients and that while increase and decrease to- 
gether for fixed condition the outlet, the rule has application 
change from one condition the outlet another. 

The converse Proposition not necessarily true; that is, 
that increase oscillation reservoir level, variation out- 
let discharge, will diminish the variation oscillation the other. 
See remarks artificial reservoirs under Proposition 

series reservoirs, such has been described, perma- 
nent negative supply introduced any point, thatis, portion the 
supply permanently withdrawn from any reservoir, will cause lower- 
ing the mean level throughout the entire system 

This apparent from equation (2) which and increase 
diminish together. If, therefore, permanently diminished, must 
also diminished, and the mean level the reservoir will lowered. 
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The lowering the mean level any reservoir, under the above 
tive supply and the resulting fall the mean level. 

permanent negative supply, however, unless great relative 
magnitude, would have but little influence the range oscillation 
the reservoir, provided the range variation were not changed. 
were right line, there would change the oscillation, 
power than unity, the oscillation level would increased any 
lowering the mean level.* 

Under the assumption upon which Proposition III based, the 
fall mean level, resulting from the introduction negative 
supply, cannot prevented artificially increased storage any 
part the system. assuming that the cycle not 
rates which storage accumulated during part the cycle, and 
expended during the remainder. The total supply the reservoir 
below therefore not changed, and any increase during one period 
can secured only corresponding decrease during previous 
period. This might alter somewhat the oscillation level, but would 
powerless prevent lowering level due permanent reduc- 
tion 

Such result can prevented only changing the form coeffi- 
cients all outlets below the point where the negative supply 
introduced—in other words, contracting the outlets di- 


minish the normal discharge mean level amount equal the 
negative supply. 


cal refinement, although practical importance. 

The mean level reservoir will rise its fluctuations level are diminished, and 
fall the fluctuations are increased—the mean discharge remaining the same—and the 
mean level will stand highest when there fluctuation level, when the flow 
the outlet constant. 

This law results from the nature equation (2). werea right line, that 
is, the variation discharge per unit variation were the same all points 
then the mean level would always the the same discharge. But 
always curve which its value increases more rapidly than that the weir 
formulas, for example, appears the power, while ordinary streams the parabolic 


function, ch?, true within narrow limits. obvious, therefore, that 
values above the mean level, must greater than for the same values below, and 
since the mean discharge during the cycle cannot increased, the plane mean level 


must somewhat below that corresponding constant discharge. general, how- 
ever, the difference mean level would inappreciable. 


Referring the last preceding note, will seen that the storage the reser 
voir reduce the oscillation levels the reservoirs below, the 
mean level would slightly raised and manipulated increase the oscilla- 


tions, the level would slightly lowered. But such effects would ordinarily 
value. 
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IV.—Assuming the supply remain unchanged, modification the 
normal oscillation level reservoir, the normal variation flow 
the outlet, possible except some modification the form coefficients 
(h). 

This proposition embodies the entire question the character 
works the outlets reservoirs designed control modify the 
normal oscillations Without entering all into details 
construction, may broadly stated that works this class must take 
one two forms, depending upon the immediate object attained. 
that object reduction oscillation levels the reservoir, 
then the controlling works must such character increase 
the value [equations (3), (4), If, the other hand, the object 
restrict the variations flow the outlet, then the controlling 
works must such character diminish the value The first 
purpose may accomplished widening the outlet and diminishing 
the depth, the use long-crested weir around the head the 
outlet, and the second narrowing the outlet and increasing the depth. 

Inasmuch works improvement, such the deepening nat- 
ural channels, and works simple contraction, such wing dams, 
piers, etc., generally increase the depth and diminish the width, such 
works tend uniformity outlet discharge the expense 
uniformity level the reservoir. 


APPLICATION THE FOREGOING PROPOSITIONS THE RESERVOIR SYSTEM 
THE GREAT LAKES. 


This system embraces five distinct reservoirs, the names and areas 
which, together with the areas the tributary water-sheds, are 
follows: 


Name. Area water surface. Area water-shed. 
Lake Superior 800 square miles. 600 square miles. 


this discussion Lakes Michigan and Huron will considered single body 
water. 
The areas this table are taken from the report the Deep Waterways 
Commission for 1896, except that the water-shed Lake St. Clair, given that re- 
ort, has been diminished 220 square miles, and this area added that the Lake 
trie water-shed. The water-shed map the Commission report includes considerable 
area the St. Clair water-shed which would seem drain into the Detroit River below 
point where could have any effect upon the levels Lake Clair. 
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The connecting channels are considerable length and irregularity, 
but the retardation effects, due the time required for the water 
flow through them, probably case greater than twenty-four 
hours. may much less, those portions are omitted which are 
practically inlets the lakes, taking their stage directly from that 


MEAN MONTHLY DISCHARGES. 


IN CUBIC FEET PER SECOND, 
OF THE FOLLOWING RIVERS: 


Niagara River, 
ao 


the lakes, and only those stretches are considered where the 
dependent solely the discharge. 

Although existing data not permit the precise determination 
the values for the various outlets, they may stated within 


probable limit error that will answer all the purposes rigid 
demonstration. 
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The values here assumed, are follows: 


For Sault Ste. Marie River........... 000 second-feet. 


FROM 


appreciate fully the moderating effect these reservoirs upon 
the stream flowing through them, explained under Proposition 
(page 530), will interest make comparison with other well- 
known streams similar magnitude. Take, for this purpose, the 
Ohio River its mouth, the Missouri its mouth, and the Mississippi 
the mouth the Missouri, and let them compared with the 
Niagara Buffalo. The areas water-sheds these four streams, 
and their mean discharge second-feet, are follows:* 


Niagara. Ohio. Missouri. Mississippi. 
Water-shed square miles.............. 265 095 205 750 530 810 171 570 
Discharge 800 307 000 100 130 000 


The accompanying diagram, Fig. exhibits graphically the varia- 
tions mean monthly discharge these streams for the year 
The actual maxima and minima show, course, considerably larger 
(maximum discharge) 
(minimum discharge) 
for the above year being, for the Ohio, 28.22; for the Missouri, 29.00, 
and for the Mississippi, 10.29. For Niagara the ratio, disregarding 
wind effects, probably does not exceed, any one year, 1.50. 

terms absolute quantities, the storage which this result 
produced may readily determined. The mean annual oscillation 
level Lake Superior, based upon years’ observations, 0.93 
ft.; Lake Michigan-Huron, ft., and Lake Erie, 1.16 ft. These 
oscillations represent aggregate storage 419 billion cubic feet 
water—greater than the over-flow excess the Mississippi River 
Cairo the great flood 1897, and equivalent about 153 000 second- 
feet for period six months. The maximum annual oscillation 
about twice the above mean, and, course, represents twice the 
amount storage. 


The above data for discharge are based upon years’ record (1871-1895) for 
Niagara, and years’ record (1880-1885) for the other streams. 


divergence than the monthly means, the ratios 
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OSCILLATION CURVES THE GREAT LAKES 
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Not less magnitude and importance the cyclic oscillation 
referred earlier inthis paper. During the period from 1872 1876, 
for example, the mean annual levels the lakes above Niagara rose 
continuously, the aggregate storage being about 000 billion cubic 
During the next three years the levels fell continuously, the 
aggregate loss storage amounting about 600 billion cubic feet. 

The enormous moderating influence these vast storage reservoirs 
thus practically eliminates, not only the regularly recurring changes 
supply, but all sudden, erratic, transient irregularities, and pro- 
duces flow the outlets which, already stated, practically 
uniform from one year’s end the other. 

applying the formulas (3), (4) and (5), the Great Lakes, 
attempt has been made farther than adapt them the mean 
curves based upon years’ observations. these, the ordinary sine 
curve, used the analysis, has been fitted closely possible. The 
correspondence the curves not exact, but near enough not 
affect the general conclusions drawn from the discussion. 

The following table gives the value the retardation and the 
coefficients reduction and for the five lakes: 


Name lake. 


Superior. 
Michigan-Huron 
Clai 


This table, and the accompanying oscillation curves, Fig. form 
complete exhibit the local and transmitted elements the aggre- 
gate oscillation each unit the system.* 

Column (2) explains the well known fact that the highest and lowest 
stages the lakes occur long after the periods maximum and 
minimum supply have passed. However, from the curves and from 
column (2) the approximate mean dates maximum minimum 
supply for each the lakes can determined. this, take from 
the curve oscillation due local supply any lake the dates its 
maximum and minimum, and from these subtract the corresponding 
retardations column The results deduced this process are 


The effect the variable supply Superior consumes 291 days reaching Ontario, 
and its maximum then only the total maximum oscillation the latter lake. 


85.7 0.096 
62.5 0.475 0.412 


PLATE XLIV. 

PAPERS AM. SOC. 
JUNE, 
CHITTENDEN AND SEDDON 
LEVELS THE GREAT LAKES. 


CHART SHOWING THE OSCILLATIONS LEVEL AND MEAN ANNUAL LEVEL THE 


GREAT LAKES THE BASIN 
FROM 1871 TO 1897 INCLUSIVE, WITH MEANS OF TWENTY-FIVE YEARS FROM 1871 TO 1895 INCLUSIVE. 
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given the table below, and fall well within the probable limits 
actual occurrence. 


Michigan-Huron.. 
St. Clair.. April 
June 
May 


The quantity must borne mind, very complex one. 


the result least three important and ever active causes—pre- 
cipitation upon, and evaporation from, the surface the reservoir, 
and run-off from the tributary water-shed. The first and third ele- 
ments are always positive and the second always negative; but their 
maxima and minima are rarely coincident, and probably none them 
coincide very closely with the actual aggregate. Precipitation, 
based upon many years’ observations, has two yearly maxima, occur- 
ring usually June and September, and two minima, occurring 
usually August and February. has its maximum generally 
those months when the melting the winter snows occurs. This 
ordinarily March for the lower lake region, and April for the 
Lake Superior region. The minimum run-off spreads over pretty 
long period, ranging from September February, and controlled, 
not only actual precipitation, but the influence cold weather 
congealing precipitation and checking the flow streams. The 
maximum evaporation occurs generally July and August, and the 
minimum the period from December February; but there are cer- 
tain phenomena, referred later on, which indicate higher 
winter rate evaporation than generally supposed. 

The complex and variable elements, which the actual local supply 
for any the lakes made up, render extremely hazardous pre- 
dict from them the time actual maximum and minimum; for these 
may incline toward any the component elements which happen 
the time predominate. method seems rational that above 
applied working backward from the known dates maximum and 
minimum oscillations due local supply. 

Assuming the mean discharge the outlets be, for Superior, 
000 second-feet; for Michigan-Huron, 195 000 second-feet; for St. 
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Clair, 200 000 second-feet; for Erie, 225 000 second-feet; for Ontario, 
260 000 second-feet; the corresponding local supply for each the 
lakes thousands second-feet per month, based upon the twenty- 
five year curves, found follows: 


- ; = — 
Month. Superior. St. Clair. Erie. Ontario. 


ases 


we 


CO 


The results here given are taken only general approxima- 
tions, the absence precise data the mean discharge the 
outlets; but they serve show the fact, intended brought out 
here, that certain seasons there negative supply all the 
lakes. The cause will naturally attributed the preponderance 
evaporation such times over rainfall and run-off; but the perplex- 
ing feature the phenomenon that one lake particular—Supe- 
rior—this negative supply comes months when evaporation sup- 
posed ata minimum. examination Table No. will show 
that all the lakes there are large deficiencies times, even winter 
months. explanation suggests itself except that evaporation from 
ice and snow the lakes may greater than commonly supposed. 

Relative Effects Local and Transmitted showing 
oscillation curves, affords striking illustration the observation made 
discussing Proposition (page 530), viz., that, the general case, 
the oscillation levels will controlled the transmitted supply 
when the reservoir relatively small, and the local supply when 
relatively large. Thus, the maximum oscillation Michigan- 
Huron, due local supply alone, would greater than actu- 
ally is, and would occur about three days The maximum 
oscillation, due the transmitted supply from Superior alone, would 
only 79% great actually is, and would occur 141 days later. 

For St. Clair, the local maximum would about great 
the actual, and would occur about days earlier; while the trans- 
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mitted maximum would 83% great the actual, and would 
occur days later. 

For Erie, the local maximum would about 80% great the 
actual and would occur about days earlier; while the transmitted 
maximum would about 39% great the actual and would occur 
days later. 

For Ontario, the local maximum would about 88% great 
the actual, and would occur about days earlier; while the trans- 
mitted maximum would about 47% great the actual, and 
would occur about days later. 

From these figures, and from the curves, excellent idea may 
had the parts which loeal and transmitted supplies play the ac- 
tual oscillations the lakes. Except St. Clair, seen that the 
local supply the controlling factor, and that one lake—Michigan- 
Huron—the transmitted supply actually diminishes the total fluctua- 
tion. St. Clair the transmitted supply controls—as was have 
been expected account its relatively small area, 

also plain that any attempt control the fluctuations one 
lake modifying the inflow from another will produce only insig- 
nificant results. 

like manner manifest that the oft-asserted mutual depen- 
dence levels between Michigan- Huron and Erie, evidence which, 
urged some, the fact that their difference level scarcely 
ever varies much ft.,* has foundation fact. St.Clair com- 
pletely interrupts the continuity flow account the fluctuation 
due its own local 


Lake Michigan-Huron and Lake Erie rise and fall together, not because 
mutual dependence levels, but because similar climatic forces are operating simul- 
taneously both basins. The fact that their levels not move closer unison—that 
sometimes Erie falling when Michigan-Huron rising, and vice versa—still further 
negatives the probability any very intimate relation between the oscillations level 
these two bodies water. 


The influence St. Clair upon the discharge the Detroit River may even 
greater than has been here assumed. Unfortunately there are actual data the 
oscillation levels this lake, and has been deduce curve from 
known data, such the area the lake, the inflow from Michigan-Huron, and as- 
sumed based upon the similarity climatic conditions the watersheds Michigan- 
Huron, Erie and St. Clair. this, however, error may have been made assuming 
eccentricity for the St. Clair curve but little greater than that for the other 
lakes. The water-shed St. Clair, compared with the lake area, relatively much larger 
than the other lakes, may seen from the following ratios lake area: 

Michigan-Huron.. 
St. Clair 


Remembering that the algebraic sum the lake surface, eva- 
poration and run-off from the water-shed, little consideration the character 
these elements will show that run-off predominates over rainfall and evaporation, 
the eccentricity will increase.‘ possible, therefore, that the range local 
supply for St. Clair has not been assumed large enough, and that the oscillations level 
that reservoir are due, greater extent than has been admitted, local supply. 
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FROM II. 


Table No. appended this paper, shows detail, month 
month for twenty-five years, and for each the five lakes, the amount 
storage accumulated lost, both terms and thousands 
second-feet per month. also shows similar data for the mean 
the twenty-five years. Table No. shows the oscillation mean an- 
nual level feet each the lakes from 1871 1895, inclusive, 
with the equivalent storage thousands feet for the period 
one year. Table No. shows the rate second-feet which 
storage corresponding rise fall ins. each the lakes 
would have accumulated expended periods varying from 
one three months. The tables show, not only the data for each lake 
itself, but the cumulative effects descending the series, suppos- 
ing the causes operating simultaneously throughout the system. 

These tables supply ample data for conclusions the practic- 
ability controlling the levels the lakes within fixed limits—say, 
6ins. Thus, let assumed that the outlet any the lakes, 
Superior, for instance, regulated that the annual oscillation 
the lake level shall not exceed 0.5 ft. The amount storage rep- 
resented depth 0.5 ft. Lake Superior equivalent 168 000 
second-feet for one month. Now, during the months from March 
September, 1871, for example, storage was accumulated this lake 
the following rates thousands second-feet: March, 146; April, 
168; May, 178; June, 40; July, 24; August, 20; September, 
ing that this storage reduced equivalent 168 000 second- 
feet for one month, and that the reduction taken from the 
months most rapid accumulation, would give the following re- 
sults: would reduce the storage March 38, April 60, and 
May 70, and would leave for each these months 108 000 
second-feet which would have run out addition the 
normal discharge.* This, will understood, based upon the im- 
possible supposition that climatic conditions can foreseen 
apply the allowable storage 0.5 ft. those months most rapid 
accumulation. actual practice, course, such result could 
realized, and the increase outflow would greater than above in- 
dicated. 

Applying this process the ensuing period falling levels, from 
October, 1871, 1872, will found that for the months 
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December and January the outflow would have had reduced 
000 and for the other months, during which the 
lake was falling, the full amounts given the table. requires 
comment show, not only the impracticability, but the utter im- 
possibility any such accomplishment. 

However, the difficulty here encountered would evidently less 
the lower units the system, considered themselves, for 
there the reservoir area much less and the flow the outlets much 
greater. see what effect would produced upon the flow 
Niagara reduction 0.5 ft. the oscillation Erie, apply the 
above process that lake for the year 1871-72. will found that 
the outflow would not have been increased more than 000 
second-feet, nor restricted more than 000 second-feet. There 
are other years, however, which the increase outflow would 
have been much greater, but may assumed that any practicable 
restriction the oscillation Erie limit 0.5 ft. would 
probably not often increase decrease the flow the outlet more 
than second-feet.* Whether change this amount the 
normal variation flow Niagara, particularly the low-water 
period, could admitted, least open question, and one that 
would have settled before regulation could actually take place. 

regulation limit ins. were simultaneously applied all 
the lakes, even Michigan-Huron and Erie, the cumulative effect 
Niagara would render the project wholly impossible. 

will probably impress any one who carefully examines this sub- 
ject that interference with the normal annual oscillation levels 
the lakes will best uncertain and hazardous undertaking; 
and that, such interference were take place, might better 
for the purpose increasing, rather than diminishing, the oscillations 
levels the reservoir, and thus reducing the variations flow 
the outlet. 

is, after all, not much the annual oscillation that gives rise 
the part navigators the long periodic oscillation. 
The real source trouble the continuous subsidence levels 
through several years, which the carrying power the great ships 
constantly reduced, and their earning capacity diminished. Can 
these periodic oscillations eliminated, and can the mean annual 
levels always maintained above minimum plane? 


values mean discharge the various lakes, see 21. 
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far the rise concerned, the problem certainly feasible, for 
the increased flow, due its elimination, when spread over such long 
periods, would not objectionable, even its cumulative effects. 

The case not equally clear regard the subsidence levels. 
extreme example the fall the mean annual levels Michigan- 
Huron and Erie that the year 1894-95. Michigan-Huron dropped 
during that period rate 000 second-feet, and Erie the rate 
220 second-feet; but Superior the meantime rose average 
second-feet. have prevented the subsidence levels 
Michigan-Huron and Erie would have required uniform reduction 
the normal discharge Michigan-Huron 300 second-feet, and 
Erie alone 220 second-feet, while the cumulative effect Erie 
would have been 520 second-feet. This being period when the 
normal discharge these rivers was injuriously small, these reduc- 
tions would probably not have been admissible during the navigation 
season. restricted one-third year, that is, the winter 
season, they would have been 120 900 second-feet for Michigan-Huron, 
663 second-feet for Erie alone, 145 560 the cumula- 
tive effect from Michigan-Huron and Erie. the normal discharge 
Michigan-Huron this time was probably between 150 175 000 
second-feet, and Erie not much more than 200 000 second-feet, the 
elimination the cyclic fluctuation alone would, seen, have in- 
volved discharge the outlets, during the entire winter 
season four months, nearly per cent. 

Should full investigation show that this amount reduction 
the discharge the outlets during the non-navigation season could 
permitted without injury any interests, the possibility uni- 
form regulation, such here assumed, would still dependent 
upon condition which can never realized. impossible 
forecast climatic conditions for anything like the periods covered 
these cycles. Those charged with the control the outlets must 
always for the most part the dark what going happen 
regard rainfall and run-off. therefore clearly impossible 
fix advance, even for the period single year, uniform rate 
which the discharge the outlets must increased diminished 
prevent change the mean annual level. The only way 
accomplish this result that suggests itself would accumulate 
amount storage the lakes during each winter, and the ensuing 
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period high water, equal the maximum subsidence which ex- 
perience shows may expected follow during the low-water season. 
this were done, the levels could always maintained above 
minimum plane. This result, however, could attained only the 
cost increasing now and then the annual oscillation. 

course, make any regulation the lake levels practicable the 
mean levels must raised somewhat, order able secure 
the increase outflow which would times necessary; but this 
elevation mean level itself one the ends contemplated 
the general scheme lake level regulation. Taken itself un- 
questionably practicable matter, least within small limits. Such 
step would indeed involve grave difficulties the outlets themselves, 
which reference will presently made, and will always com- 
plicated with the question damages, but far the simple matter 
raising the levels the lakes concerned, there can not the 
slightest doubt its feasibility. fact claimed that this has 
already been accomplished Lake Superior works placed the 
outlet St. Mary’s River for other purposes. These works consist 
bridge piers and water-power works, and the contraction the outlet 
has been such give estimated rise 0.5 ft. the level the 
lake, prior January, 1896.* 

The question permanently raising the levels the lakes is, 
may made, entirely independent that lake level regulation. 
simple contraction the outlets will accomplish the first purpose, 
but not the second. would fact increase the oscillation some- 
what, accordance with principle brought out discussing Pro- 
position (page 540), that the outlet reservoir narrowed 
deepened, the value will diminished, and the oscillation level 
will increased while the variation flow will lessened. 


FROM III. 


The third these general propositions relates the effects upon 
the lake levels, the diversion any portion the supply the 


Report Haskell, Asst. Engineer, dated January 11th, 1896. Although 
true that the level Lake Superior was rising for several years prior 
while the levels the lower lakes were falling, still the climatic conditions are dis- 


similar enough lead one hesitate attributing this particular rise artificial 
causes alone. 
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Great Lakes other watersheds, and the methods counteracting 
such effect. The specific application the proposition now view, 
the Chicago Drainage Canal with its contemplated diversion 
000 second-feet, and the scheme advocated some engineers 
diverting much larger amount, say second-feet, help out 
the low-water navigation the Mississippi. That such diversions 
will permanently lower the levels all the lakes, below and including 
that from which they are taken, certain. The amount this 
lowering function the various outlets, and its correct 
determination depends upon the prior correct determination this 
coefficient. 

Among the suggestions advanced for counteracting this lowering 
effect that storing water Lake Superior make the amount 
diversion. reference the discussion Proposition (page 
537) will show the fallacy this scheme. The storage water 
Lake Superior must commence cutting off the outflow. When the 
stored water run out, the total increase flow over the normal con- 
dition will only equal the previous decrease. other words, 
the total supply the lakes below, upon which their mean level 
depends, cannot altered particle storage. 

The only way the effects diversions can counteracted 
contract the outlets, that the flow through them the 
normal mean level shall diminished amount equal the 
diversion. 

Analogous the effect which must result from the permanent 
withdrawal any portion the supply the lake system other 
water-sheds that due increase the cross-sections the 
outlets resulting from improvements the interests navigation. 
Such works must necessarily result permanent lowering 
mean level the reservoir above. The remedy is, course, 
contract the outlets sufficiently diminish the outflow the normal 
mean level amount equal the increase caused the 
ment section. superficial area the contraction would have 
greater than the previous enlargement, for the whole change 
thus made the cross-section the direction deepening and 
narrowing the outlet; and deep and narrow channel will carry 
more water than wide and shallow one the same area cross- 
section. 
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FROM IV. 


All works intended change the levels the lakes, control 
their oscillations, counteract diversions, regulate the flow 
the outlets, must placed directly in, the head of, the outlets 
themselves. The two broad classes into which such works must fall 
have already been pointed out, 

(1) Works tending increase the width and diminish the depth, 
with the result diminishing oscillation level and increasing varia- 
tions discharge; and 

(2) Works tending contract the width and increase the depth, 
with the result increasing oscillation levels and diminishing 
variations discharge. 

The only example work under the first class that proposed 
some engineers for controlling the level Lake Erie. For obvious 
reasons, the regulation the levels this lake more import- 
ance than that any the others. There need only mentioned 
its vast harbor interests, and the fact that least two, and probably 
three, canals will the future lead directly from its lower extremity 
Ontario the Hudson River. fixed depth these harbors 
and over the miter sills great importance. secure uniformity 
level has been proposed enclose the head Niagara fixed 
weir, which will give the desired permanent increase elevation 
level, and which shall such length, that change depth the 
crest of, say, ins. will modify the outflow prevent rise 
fall level more than that amount. 

Two objections appear conclusive against this arrangement: 
(a) The very advantage which first commends it, that automatic 
regulation oscillations, would, reality, prove serious disad- 
vantage; and the whole result can accomplished simpler, 
more effective, and less expensive way works placed directly the 
outlet. 

The trouble with the automatic action the long-crested weir 
that would always give the same discharge for the same depth over- 
flow; whereas, the best regulation the discharge might require that 
not always the same for the same stage. has been seen that 
regulation the levels Erie within limit ins. would increase 
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decrease the normal flow Niagara times much 000 
second-feet; but the range the normal variation itself above below 
the mean doubtless frequently amounts 900 second-feet. The 
weir must therefore such length that variation ins. the 
depth flow over its crest will give variation discharge 000 
second-feet. When considered that changes ft. gauge 
considered and that changes from ft. are not 
rare, the effect long weir upon the discharge Niagara, times 
heavy winds, would, readily seen, disastrous. With rising 
lake the matter would less consequence; for the level the 
lake were regulated but foot two above its present mean stage, 
the increased overflow would choke the drown out the 
weir; but with falling lake, such counteracting effect would 
experienced, and Niagara River would frequently run dry. 

before stated, the whole result expected from the long weir can 
obtained simpler, more effective and less expensive way, 
works placed directly the outlet. The form structure which 
appears essential rational regulation the levels the 
lakes one that shall measure under the control human 
agencies. Disclaiming any purpose proposing technical specific 
details construction, the following general plan may suggested 
embodying what would seem the most practicable method 
control. section the outlet, preferably where rock 
foundation may had, let piers, similar bridge piers, 
erected proper intervals, whose aggregate area cross-section be- 
low the water surface will equal the contraction the channel 
section, which necessary secure the desired permanent elevation 
the mean level the lake. These piers would, thus, themselves, 
accomplish that part the purpose regulation which relates 
permanent elevation level. For the purpose controlling the 
oscillations, some arrangement which the area the new cross- 
section can enlarged diminished necessary. accomplish 
this, let sill anchored the bottom the river from pier pier, 
and let bridge laid from pier pier, but slightly elevated above 


the water surface. Upon this bridge, convenient intervals, let 


Report the United States Deep Waterways Commission 1896, 156. 
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proper arrangements made for the handling good-sized needles 
which may lowered into the river and supported the bridge 
the upper end, and the sill the lower end. Or, better still, these 
needles could fixed permanently position, but balanced the 
longitudinal axis, that the broad flat surface the narrow edge, 
desired, could presented the current. These needles, when 
place, need not adjacent, but there may open intervals be- 
tween them; the main point being that their aggregate area shall 
sufficient, proper manipulation, give the desired control over 
the flow the outlet. navigable pass sufficient width should 
left entirely free from obstruction. With arrangement this sort, 
all the advantages the fixed weir may realized, with the very im- 
portant additional advantage adaptation control actual 
ditions they arise. ought much cheaper than 
along weir. Its care and management would cost something, but the 
expense from this cause ought not great. 

One important drawback will always encountered with any form 
contraction that can devised. The raising the level the 
lakes will increase the slope the site the works contraction, 
and may develop currents such rapidity interfere seriously 
with the passage boats. the Sault Ste. Marie this matter 
less importance, for locks there are necessity any way, and the only 
effect would increase the lift. Even this might not result 
Michigan-Huron and Superior were each raised like amount. But 
passing from Huron, St. Clair Erie into the rivers below, the case 
different, and contracting works might, and probably would, develop 
strong currents and sharp slopes their immediate vicinity.* 
doubtful the simultaneous and equal raising Erie and Michi- 
gan-Huron would obviate the difficulty, for the increased channel 
depth would diminish the slopes, and would tend concentrate the 
fall the contracting works. might necessary have series 
works, one below another, with the area contraction gradually 
diminishing let the slope down gently distributing over 


The outlets both Michigan-Huron and Erie have engorged sections where they 


leave the lakes; and even their natural conditions show marked slopes and high ve- 
locity flow these points. 
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considerable distance. any event, the use locks would too 


Data. 


will have been observed that, this discussion, the primary data 
upon which the oscillation lake levels depends—those, namely, 
precipitation, evaporation, and run-off—have been dealt with scarcely 
all. fact does not appear equations (3), (4) and (5), 
but only the quantities The discussion the reservoir 
question therefore depends upon knowledge the area the lakes, 
the oscillation the levels, and the characteristics flow the out- 
lets. The first these elements known with precision. The second 
has been matter record for nearly forty years, and this discussion 
based upon period observation twenty-five years. The data 
are not indeed all that could wished. The records have not been 
made from self-registering gauges, would have been the better 
plan, but from observations taken particular hour each day. 
Considering the sudden effects winds and barometric changes 
the levels the lakes, clear that the individual records cannot 
much value; but since erroneous values are liable occur much 
one side the truth the other, the monthly means daily 
readings are probably not far from correct, while the mean long 
period twenty-five years must very accurate. 

the discharge the outlets comparatively little yet known. 
this matter, however, not much the absolute value the 
mean discharge that needed, the variations from the mean. 
has been necessary proceed somewhat the dark, but nevertheless 
with confidence, because considerable variation will not mate- 
rially affect the results with reservoirs such magnitude the Great 
Lakes. like manner the assumption that right line 
near the truth, that its departure therefrom cuts figure whatever 
the general result. confidently believed, therefore, that the 
general conclusions here arrived will not essentially modified 
more exhaustive data. 


*It scarcely necessary invite attention the international feature this 
problem. radical step the direction lake-level regulation can taken, except 
with the co-operation, least consent, Canada. fact, means im- 
probable that this feature the question may prove the most embarrassing all. 
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is, nevertheless, great importance final solution the 
problems the lakes that these data made complete possible. 
The future records the lake levels should kept with self-register- 
ing gauges, and there should one these for Lake St. Clair well 
for the other lakes. The discharge measurements should embrace 
every phase flow the outlets, and particular care should exer- 
cised secure simultaneous measurements various stations along 
the channels connecting Huron with Erie. matter congrat- 
ulation know that these important steps are now contemplation 
the existing Deep Waterways Commission. 

Concerning the collection data appears altogether 
secondary importance, and this for the excellent reason, that, having 
A,h,cand can determined from them more accurately than 
any other way. the difficulties the way satisfactory deter- 
mination any one the elements S—precipitation, evaporation, 
run-off—are considered, will conceded that approach the 
problem from that direction wholly injudicious. Take Lake Supe- 
rior, The precipitation any one the points, Duluth, 
Marquette, Sault Ste. Marie, White River Port Arthur, around the 
shore the lake, varies materially from that any other point. Ad- 
mitting that correct records can kept these points, how the 
true proportion lake area assigned each order deter- 
mine the average precipitation over the whole? 

The question evaporation still more unsatisfactory. There 
practicable method determining accurately. How are the 
effects winds such great bodies water determined? 
known that waves increase the exposed area about while the 
spray from breakers adds still more; but the same time the com- 
motion the water brings the cooler depths the surface and 
lowers the temperature upon which the evaporation largely 

Again, observations taken near shore might not hold for the interior 
the lake, where the atmosphere may reasonably assumed 
more laden with moisture and lower temperature. The 
element evaporation from ice and snow would very uncertain 
one, owing the absence any definite knowledge the extent 
ice-covered areas. With these inherent uncertainties the problem 


midsummer the surface temperature Lake Superior was found Geo. 
Wisner, Am. Soc. E., fall after heavy winds. 
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determining the rate evaporation the lakes, great confidence 
can hardly attach any attainable results. 

The run-off from the land area the basin could determined 
with tolerable accuracy for any one year, continuous gauging 
sufficient number streams, but the results would little value 
for another year which conditions might very different. 

therefore not apparent why this particular line data should 
receive special attention. The complex expression which gives their 
combined effect already integrated the rise and fall the lake ley 
levels and the flow the outlets, these are known, Scan 
determined from them better than can ever measured. 
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MATHEMATICAL ANALYSIS THE INFLUENCE 
RESERVOIRS UPON STREAM-FLOW. 


The fluctuation the levels system lakes only differs its 
magnituce from the filling and emptying lock reservoir under 
varying conditions inflow and outflow, though, course, the true 
level over such large areas not easily observed. The action the 
winds will certainly greatly change the levels different points, the 
surface will answer difference barometric pressure, and small 
tidal effects may found, and even after the primary disturbance 
removed, the whole body water may have been set rocking back- 
ward and forward like pendulum. thus only the mean 
large number points that the true level may determined, or, 
actual practice, the average time long enough eliminate 
these shorter variations; but, this true level determined, all its varia- 
tions are results alone the inflow and the 

The inflow will called supply, and designated and the out- 
flow, discharge, and designated each taken cubic feet per 
second, and with representing the area the lake square feet, 
its level scale feet and seconds. The fundamental 
equation its fluctuation 


this equation, the supply the lake, made the run- 
off from the drainage basin surrounding it, which has its annual rise 
and fall, like the high and low water periods river similar 
basin. But, unlike the river, the direct rainfall its large area gives 
times much more concentrated supply, and undoubtedly now 
and then its actual levels are subject finite changes comparatively 
insignificant intervals time; but averaged up, these are the 
mean monthly levels, the effect this direct supply approaches the 
annual cycle, and for number years must closely correspond 
the variation normal rainfall, and, finally, from these positive ele- 
ments supply there must taken the negative element evapo- 
ration, which has perhaps all them the most regular variation 
with the seasons. 


U.S. Assistant Engineer. 
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Thus, while the actual supply given year can never exactly 
represented any regular variation, the general type supply may 
very fairly assumed recurrent annual oscillation, and taken 
and ¢is time arc circle, whose whole circumference represents 
one year, while sin passes from its extreme values —1, 
the extreme oscillation supply, course, corresponds the value 
2a. 

Unlike supply its arbitrary character, the discharge from the 
lake is, course, determined any time solely the value 
the level its outlet that time. Just what relation exists between 
and matter observation. Were the outlet plain weir 
length with measuring the height above its crest, the relation 


would while the form that has more generally been 


applied the flow rivers where again gives the 
level above approximate zero discharge, and constant 
determined from the discharge observations. Either these 
more general expressions, however, makes the solution Equation 
unnecessarily difficult, and the small oscillation lake surface 
value discharge assumed level, and variable element 
where gives the surface any time above below this arbitrary 
level, and the average change discharge there per foot rise 
Where large discharges are dealt with, some ft. above 
their zero level, there little difference foot between the 
are the discharge curve and the straight line ch, and would 
hardly necessary consider this, even the flow river; while 
the case the out the lake, where the accidental oscillation 
its outlet may exceed the whole range its true level, such 
difference would seem even more needless refinement. 
what follows, therefore, the discharge any time will taken 
ch, linear variation with the value that time. 
Substituting these values for and Equation gives 

And for the present neglecting the arbitrary constant (S,— 
which may always made zero any time taking suitable level, 
from which measured for that time, Equation becomes 
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which one year. The relation between them is, 


therefore, given the following proportion: 


and d =3 ~~ 6.2832 dt. 


the same time, also convenient change the unit 
from square feet square miles, that the equation becomes 


0.18¢ 
This well-known form, and solved multiplying through 
0.18 0.18 0.18 
A A 0.18 A 
Where the left-hand side the equation the complete differential 
0.18 


and the right contains only the single variable and easily inte- 
grated parts follows: 


( 0.18 ¢ 
le cs pn d A ) 


0.18 ¢ 
0.18 
And again 
0.18 
0.18 


fas 
: 
q ‘ 
7 
q 
| 
| 
4 
4 


562 SEDDON RESERVOIRS AND STREAM 


0.18 


cos 
Hence 
0.18 
0.18 
0.18 
0.18 
And solving for sin gives 
0.18 0.18 
[sin te A & * ) 
or, finally, 
0 18 0.18 ¢ 0 18 sin t— cost 0.18 t 
And the primitive differential Equation becomes 
1 + e A 


the surface movement restricted annual oscillation, the term 


for 


me 
(S, 
th: 
Ccy' 
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must disappear, and the constant integration must, there- 


fore, zero. this case will called where uniformly 


Here, also, for the excluded term (S, zero, the mean 
supply, S,, must constant from year year and equal 
mean discharge, thus fixing the zero from which measured 
mean level. As, however, well known that the mean supply 
not constant from year year, and that also passes through more 
less well-defined cycle covering number years, this term 
this multiplied (0.18 equals orasecond additional element 
the surface variation. for all practical purposes, this longer 
cycle may assumed recurrent, with the mean supply, for 
the number years equal the mean discharge, and the total 
variation surface that case made the sum and 
measured from the mean level corresponding 

this longer cycle, however, the longer corresponds 
one year, but number years 


Hence the differential equation 


and its primitive 


and 


which the term involving the constant integration now disap- 
pears, taking, may general done, recurrent variation 

And the additional oscillation has been taken through number 
years, also additional oscillation through fraction the 
year might taken, and sum these oscillations may thus 
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made express all the variations the surface for any such 
system regular variations the monthly and the annual sup- 


plies. is, however, true that the supply any actual case may 
far from regular, and while (Q,, always expresses the actual 
discharge (the difference between the curve and line noted being 
actual supply, unless such altogether arbitrary values may assigned 
from time time will make the expression practically fit 
any form irregular variation. is, therefore, desirable finally 
solve Equation its most general form with (S,, simply 
arbitrary constant, having, course, alternating and values, 
which any period irregularity may represented 
addition and there then third element variation 
given additional term the form 


And here determine the general form the constant integra- 

tion necessary consider how lake would rise fall with 

such change its supply that the arbitrary constant 
Substituting then Equation there results 


or 


And taken zero where zero and represents any point 
time such arbitrary period corresponding the arbi- 
trary value 

then 


0.18 


i, 
0.18 
q 
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and 


From which seen that general form for the constant integra- 


tion which, course, zero all the former cases 


where was assumed zero. 
The complete equation may now written follows: 


h=h+h 14 ‘es 


which continuous angle scale which 360° equal one 
year, and the length natural arc the same scale, but taken 
only through the arbitrary periods which values may assigned 


this form, any lake, the function 


0.18 sin cost 


may computed once for all through 


cycle, and its then gives once the ratio the oscilla- 
tion toa. Or, from the variation surface the mean monthly 
levels the corresponding variation the supply, expressed 
gotten from this simpler proportion. Inthe same way for the var- 
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iation supply from year year expressed may brought 
into like proportion with the variation the mean annual levels. 
While finally for given periods corresponding proportions may 
made that express immediately the for any irregularity. 

The relation the variation level any lake its varia- 
ble supply may here left for the more general problem which 
includes not only this, but its resultant effect lake below, and 
through chain lakes; and not needlessly extend the 
problem, desirable this case use the simplest possible form 
for Itis plain that far and are concerned, only 
necessary use the term h,, for what will generally true the 
short cycle will equally true the long, and all equations de- 
duced from the first can immediately converted into equations 
for the second substituting the place (0.18) the value 
0.18) throughout, remembering, course, that degrees the 
angles are also taken covering times many days 
they the angles but the wholly different character the 
term for makes necessary exclude altogether consider 
its effects down entirely question itself. 

This last has fact been done, but all much matter 
the particular case, that will not included this study. In- 
deed, from the extreme where assumed permanent change 
the mean supply, evident once that time any number 
lakes would all come about the same difference level, repre- 


sented though may noted that none could absolutely 


reach this level until became infinite. And while very long 
periods there are practically differences the effects this func- 
tion lakes below, the same time very short periods has 
practically effect whatever them, that the range ordin- 
ary irregularities supply, may simply taken rapidly disap- 
pearing its effects the lower lakes, but exactly how rapidly 
would depend the length the irregularity. only perhaps 
the event system storage upper lake through one season 
let out another that the subject would have any general in- 
terest and there its effects are best worked out special case. 

The more general problem the effects variable supplies 
the levels chain lakes therefore confined the consideration 
the recurrent yearly oscillations and its effects below; and the 
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following general system notation taken for the resulting surface 

Ih, ITh, 

Here the vertical lines represent the effects the primary supply 

the basin each respective lake all the way down, and the hori- 
zontal represent all the effects that whole make the surface 
movement any lake the system. correspondence with this the 
areas the respective lakes will represented A,, 
the the variations supply a,, a,, and the 
change discharge per foot rise fall the outlets 
etc., 


Considering, now, the supply the basin the first lake and its 
effects down, there 


and the factors and 


will recur continually 


A 
these operations, convenient represent them the more sim- 
ple terms and writing them for their respective values and 
With this substitution 

and for the second lake the resulting variation supply 
and the corresponding variation its discharge, from equa- 
tion there results: 
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And general, following the process the former integration 


parts, 
and 
+sint 
cos 
that 


Ect 
sin 
And again for the third lake with supply, and dis- 


t 


and general calling* 
which and are formed follows: 


and finally 


the case begin with 

and the finally the lake there results 

and from lake lake. 

From these equations the effect one lake upon another, and the 
total surface movements any lake, are easily computed. Thus 


this paper the braces are used exclusively factorial 
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illustrate, the case chain five lakes may taken, each with 
surface area 000 square miles, with 100 000 cu. ft. per second 
variation the supply, entering each lake simultaneous oscilla- 
tion, and with outlet capacities downward of, respectively, 10, 15, 20, 
and thousands cubic feet per second per foot rise fall. Then 
Hence 
and 
0.27 


0.27 
0.18 


0.45 
0.36 


270 
135 


0.1620 
0.9514 


0.45 


39470 
31576 


0.7925 


0.54 


57385 


0.6198 


1.3814 


036 
28542 
0.4500 
31700 
0.54 
21640 


0.1800 0.9514 
0.2700 


1.0000 0.4500 
1.0000 


940394 1.165108 


1.923683 


0.7894 
0.6300 
1.0000 
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1.0363 
0.8380 

+ 
0.4500 


1.1477 

0.6193 
0.8100 
1.0000 


1.874157 


1.3814 
+ 
1.2625 
0.7570 
0.5400 
0.1870 
1.3707 
0.9900 


1.0000 


3.561849 
1.416242 
1.843114 
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Again the following are the logs the general factor 
which are easily made repeated additions 


1.901318 


and multiplying here the respective values and the 
corresponding general factors and representing the products 


0.15692 


0.02770 
0.18101 


0.00453 
0.06229 
0.19988 

0.33680 


0.00125 
10492 
0.19740 

0.37628 


0.9028 
0.3600 
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0.87176 0.06581 0.02760 0.01201 0.00068 
0.83885 0.12632 0.03723 
0.79674 0.19321 
0.25815 


Taking now intervals 30° corresponding with the twelfth 
the year and practically with the monthly means: 


And with these values, from the equation cos 
the whole cycle each these variations readily made 
follows 

60° 90° 120° 150° 180° 


and with signs 300° 360° 
reversed 


completing the cycle. 


These values for the half cycle are here given series from the 
primary supply on, its effect the last lake. 


30° 60° 90° 120° 150° 
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And these values summed algebraically for their respective lakes 
would give each case the total the surface movement there, but 
late directly the cycles these resultant oscillations. 

Giving the following values: 

60° 90° 120° 150° 

These values are shown graphically Fig. and while they 
show the general form the oscillations, very evident that they 
not give, with any degree accuracy, the extremes. seen, 
course, that while sin the supply, all cases its maximum 
90°, its corresponding rise reaches its maximum the first lake 
somewhere between the 150° and 180° periods, and that this again 
supply once more retarded the rise the second lake, and 
from lake lake; but the periods and the values these maxima 
require additional calculations. 


The value these points maxima minima is, course, de- 


termined the condition and the general form the 


equation 
The two angles the cycle differing 180°, that correspond 


this value the tan are, course, the points maximum and 
minimum respectively and substituting either the equation for 
sider the maximum, before only the half cycle was calculated, 
every value having, course, corresponding value with 
opposite sign after period 180°. 

the effects primary supply are traced down, the retardation 
throws the maximum into later and later quadrants, and these must 


Thus, the case the original supply, sin has its maximum 


noted 90°, while for h,, minus, and therefore the 


‘ 
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second quadrant, and its angle 10° gives the absolute position 


180° 10° 169° 48’, and substituting this angle for gives 

the value 0.8858 for the maximum Jh,. Again for plus, 

and thus the third quadrant, and its angle 64° gives its posi- 

tion 180° 64° 244° and its value 0.1539. the 


same way minus and lies the fourth quadrant, and its angle 
45° places 360° 45° 314° with the maximum 


value 0.0391. While finally and are both plus and lie the 
4 5 


fifth quadrant the points respectively 360° 00' 20° 380° 40’ 

and 360° 00’ 82° 18’ 442° 18’, and maxima 0.0128 and 0.0051. 
The positions these maxima and their values through this whole 

series oscillations are tabulated follows: 


Angle maximum. 

155° 46' 

151° 


Value maximum 

0.8858 0.1539 0.0391 0.0128 0.0051 
0.2207 0.0726 0.0287 

0.8468 0.2780 0.1101 

0.8207 0.3250 

0.7919 


From these values seen once that the difference between 
the difference between 164° 53’ and 90°, between the maximum 
supply, asin and its rise, And, again, 70° the general dif- 
ference between and 65° between and and 61° 38’ 
between and which are also each case the difference between 
90°, the maxima the respective supplies, and their corre- 
sponding oscillations the first lake. then plain that the retar- 
dation any lake constant dependent upon the physical proper- 
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ties that lake, and way upon the magnitude the oscillations 
passing through it. And just has been seen that any oscillation 
passing from given lake the next retarded fixed time 
may seen from the corresponding maximum values that they 
are also reduced fixed percentage. 

time therefore turn from the series equations which 
have just been considered, determine the formulas for this retarda- 
tion and reduction from lake for very evident that they 
are much more general expression for the laws lake movements 
than equations which simply give direct values for assumed times and 
supplies. 

First, for the reduction ratio percentage, which will called 
for also the same from lake lake the case JJ, etc.; and 
omitting, therefore, the the general equation, and representing 
and respectively the maximum rise and the time corresponding 
it, there results: 


and 
(2) 
from (2) 


and eliminating between equations (1) and (2) 


Again from the law formation the general values and 


there results: 
2 


—" 2 2 2 
And again: 


2 


a, = K,¢, a+ B, = ay, + 2 Ky Qs By + 


2 


2 2 2 
B, = Ky, 0,8, — a, or 8, = K, 1, —2 a, Bi + 


2 2 ne 2 2 2 2 
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from which finally there obtained— 


And writing now for and their respective values: 


depending simply upon the area the lake and the 
discharging capacity its inlet and its outlet. 

Again, taking also the case for the retardation, which will 
called and representing and the time the maxima 
the and the lake, respectively, there results: 

and before 

ay 


sin 


Hence, 

Sn | Bn 


sin 


0.18 
0.18 
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therefore, 


From equation (VI) seen that passing through given lake, 
oscillations supply are retarded this period, which depends alone 
upon the area and the outlet that lake; but comparing with 
equation (V) evident once that not reduction the 

venient function for calculating the effects given oscillation 
any lake upon all the lakes that follow it; for any 
but with exactly the same oscillation supply the 
lake, and, consequence, the same value may have any 
number values, the oscillation from above which gives this supply 
has different outlets. 

Thus finally there may considered the reduction effected 
given lake the variations supply; reduction the same 
general character the retardation; and calling and the 
maxima for the oscillations supply and discharge respectively 
the lake, this absolute percentage reduction which will called 


same general character. gives the ratio most con- 


This easily determined from equation 
0.18 


there results 


(V1) 

a 


— 
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0.18 0.18 
Cy 


Thus equations and may seen finally, from the area 
and the outlet the lake itself, its whole effect upon any oscillations 
simply retards this given time, and reduces 
this given percentage. 
Indeed, these last equations might have been originally determined 


simply from the consideration the general relations between os- 


cillation supply, sin and its corresponding oscillation level. 
before 


0.18 


and again taking the angle corresponding the maximum 


there results from 


c 


and 
0.18 
0.18 
0.18 
and finally 
0.1 
0.18 
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gether similar oscillation sin only shifted new origin 
time, zero 90° before the maximum zero where 
90° the origin the original, sin was zero 90° before its max- 
imum; and this true any oscillation any lake, just 
applicable the oscillation the first; and the formulas for reduc- 
tion and retardation determined from apply all. 

From equation very evident that the maximum level 
given all cases the equation 


0.18 


2 


where represents the maximum any supply oscillation from any 
source. 


0.18 
And writing for this function 


and for given lake series there results 
n 

the observed maximum rise any case, the corresponding sup- 


ply may once determined; while, again, this easily carried 
down through any number lakes their successive values the 
retardation and the reduction ratio. 


which, from 


analysis the mean oscillations the Great here given 


illustrate the application the above formulas the study such 
data. 


this case the following data are given 
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The means twenty-five years, from 1871 1895, for Superior are 
follows: 


Observed oscillations. Computed trial oscillations. 


—0.250 


—0.500 


plotting and comparing this trial oscillation with the observed 
one, seen that the zero its corresponds closely with the mean 
March period, and that its range fits the whole series observed 
values about well possible. 

The value the maximum therefore taken 0.50, and the 
oscillation its supply therefore— 


The effects this upon all the lakes below readily carried down 
follows: 


2.5211 0.088 


September. 174° 
234° 
264° 
log. 
It’s 264° 40° 
+R, 
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Again, from these times and values the maxima, the complete 
oscillations are follows: 


Sr. ERIE. ONTARIO. 

259° 265° 326° 377° 008 
insti 380° — 30° +0 — 30° +0 ole 30° +0 

229° 029 029 007 

199° 205° 266° 007 317° 004 

169° +0.000 0.000 236° 0.000 287° 0.000 

139° —0.017 —0.017 206° 

109° 115° —0.029 176° —0.012 227° 
— 30° — 80° 


Again, from the monthly means the Michigan-Huron data, the 
effect there the oscillation from Superior first subtracted, and the 
result gives the oscillation Michigan-Huron from the supply its 
own water-shed. called the observed oscillation, and with 
its corresponding computed trial oscillation given follows: 


Local observed oscillation. Computed trial oscillation. 
—0.29 54° —0.260 294° 
January..... —0.48 —0.48 06° —0.520 354° 


Plotting and comparing these oscillations, seen that the max- 
mum 0.52 best fitted the whole series, from which— 
log 


0.52 1.7160 


The zero however, must this case put some later than 
the mid-January period; and bring here the computed values this 
oscillation and its effects below the same time scale Superior, 56° 
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must all cases subtracted from its values This, however, 
may done once the retardations, and then the Michigan- 
Huron effects the Superior time scale are follows: 


Michigan-Huron time. 


56° 


And before: 
CoMPLETE OSCILLATIONS. 


Sr. ERIE. 


ONTARIO. 

124° 186° 236° +0.119 
64° 126° 176° 
34° 0.000 96° 0.000 146° 0.000 

56° 06° 56° —0.119 


the case St. Clair there lacking the observed oscillation 
start with, but this may closely approached assuming, for its 
local supply value corresponding its water-shed, and sum- 
ming the effects this with the effects from above. 

this case was finally taken most probably about 000 with 
the same period the Michigan-Huron supply, giving 000 sin 


where the reckoned the Michigan-Huron scale. 
Here then 


log 
3.9031 


7 
q 
q 
| 
q 
: 


582 


SEDDON RESERVOIRS AND STREAM FLOW. 


and the following are the 


Superior time. 


1,4857 0.306 


1,1004 0,126 


And before 


CoMPLETE OSCILLATIONS. 


Sr. 


above. 


this case the place the computed trial oscillation, the 
complete oscillation St. Clair taken add the effects from 


For Erie, again subtracting the effects the three lakes above 
from its mean levels, the following left for the local observed oscil- 
lation and the computed oscillation corresponding it. 


February 
January... 
December. 


Local observed oscillation. Computed Trial Oscillation. 


40° 102° 152° 
130° 192° 62° 
September 0.000 242 
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And accepting this trial oscillation, there results 


log 
0.50 1.6990 
5.1995 


While plotting and comparing seen that the zero some 
six degrees earlier than the mid-January period, this case 66° 
must subtracted from all values reduce them the Superior 
time scale. 
Hence: 


Maximum effects. 
Erie time. 
66° log 106 
Superior 

Again, for Ontario, have 
Local Observed Oscillation. Computed Trial Oscillation. 

May....... 665 136 +0. 136 
555 .640 106 +0.576 166 


From which 
log 


0.665 


While plotting and comparing seen that the zero its.¢ falls 
14° earlier than the mid-January period, subtracting 74° from the 
its trial oscillation brings also upon the Superior time scale. 
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going down the chain lakes, out these different elements 
their oscillations any desired combination can readily made 
scaling coincident values and taking their algebraic sums. 
these the leading combinations have been made and shown with 
the observed variation the mean levels Fig. and, indeed, 
mainly their graphic representation that this series move- 
ments best followed. However, the purpose this study has been 
simply the analysis these movements, and with the equations and the 
illustrations that have here been given, thought that there are few 
questions that may arise regard variations supply and their 
effects through any chain lakes reservoirs that may not readily 
calculated. 

contrast with these relations the lake levels may inter- 
esting note briefly the character similar relations the Missis- 
sippi River. There, course, the mathematical basis wanting. 
Between the lakes, matters not what energy may stored the 
flow, wholly absorbed through agitation the inert mass below. 
Thus the sheer fall the Niagara River makes not the slightest differ- 
ence the relation supply discharge, the rise one lake 
the other but would certainly bold assumption start with, 
hold that essentially the same thing was true for the river and even 
that were the case, known that the linear variation 
not correct through the great range its flood oscillations. 

While, therefore, cannot here calculate between two points 
what should the retardation the reduction the ratio 
rise there are some twenty more locations along the Lower 
Mississippi twenty-five forty years daily gauge-readings from 
which determine what they are; all these data have been 
worked over, again and again, along just these lines, its positive show- 
ings least merit comparison with the above theoretic deductions- 

They may stated follows: First, for the ratio reduction 
might expected, practically unity. there any general 
decrease the magnitude the discharge the flood-wave passes 
down, altogether beyond the range observation. However, 
the ratio rise fall has general marked difference value 
between different gauges. well-determined constant for each 
reach the river and while the course number years may 
change some extent with change regimen, the lower Missis- 
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sippi remarkably stable. Finally, the retardation, also there 
constant the reach. Its value very different from gauge 
gauge, and differs greatly per mile different parts the river, but 
once determined for given reach seems practically the same 
there for all floods and for all time. is, however, measured days 
and hours, where the retardation the lakes measured months 
and years; and, unlike the retardation, which fraction the cycle, 
the retardation the river the same absolute time, whether the 
flood-wave Jong short. 

From these relations the river might inferred that are 
dealing with something like limiting case chain lakes, as, in- 
deed, well known that are. Were the Mississippi run down 
zero discharge, that would exactly what would show, only 
here their areas, some miles long, and from half mile 
wide, are almost lost sight of, comparison with the great discharge 
capacity that exists between them. general, also, fact that 
the highest stages the greatest velocities are found the locations 
the lakes themselves and with their functions thus reversed, they 
may much more nearly taken represent the points outlets. 
not, however, part this study consider theories 
and enough here note that, the character flow through 
chain lakes corresponds observed facts the river, furnishes 
the basis radical departure from the whole series assumptions 
upon which hydraulic formulas have heretofore rested. 
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2.79 


Sept 


3.48 3.63 3.69 3.68 3.38 3.07 2.86 2.78 2.76 


Feet. 


Aug. 
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1 1.3 
2.62 
3 3.7 
2 2 
2.7 
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2.7 
2.42 2.3 
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any its publications. 


THREE-HINGED MASONRY ARCHES; LONG SPANS 
ESPECIALLY CONSIDERED. 


INTRODUCTORY. 


The advantages which well-designed masonry arches offer, com- 
pared with the less durable structures iron and steel, have been 
adequately demonstrated modern experience. 

The cost maintenance iron and steel bridges, together with 
their more less limited lasting qualities, are sometimes offset 
the ease, simplicity and accuracy design and erection which they 


are susceptible. The time allowable for construction may also, 


many cases, weigh strongly their favor. 

However, the many masonry arches built centuries ago—a few 
antedating written history—are indisputable evidences permanency. 
Few these arches have required any repairs, and their cost main- 
tenance has amounted almost nothing, fact not realized 


metal bridges. 


The purpose this paper demonstrate that masonry arches 
may constructed any good foundation, such hard clay, and 
that they will admit accuracy and simplicity design quite 
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equal that attainable for similar structures iron steel. 
many instances concrete arches are even cheaper first cost than 
metal bridges. Besides, the former possess the additional advantages 
permanency and low cost maintenance. 

Recent progress, achieved through the earnest labors German, 
French and Austrian engineers, has destined the masonry arch 
become the successful competitor iron and steel bridges, whenever 
the natural conditions foundations and length span not offer 
unsurmountable difficulties. 

The great advances accomplished the manufacture cements 
during the past ten years, the elaborate arch tests made the 
Austrian Society Engineers and Architects from 1890 1895, and 
the construction few three-hinged masonry and concrete arches, 
venturing the adoption high unit stresses, low factors safety and 
long spans; these mark the arrival new era masonry bridge 
construction. 

However, many difficulties are encountered the construction 
fixed masonry arches, owing particularly insufficient elasticity 
the masonry. The natural deformations the arch, caused shrink- 
age the masonry, setting mortar, stress and temperature, usually 
cause cracks which, while rarely serious character, are reasons 

for discouragement the engineer, who has probably applied every 
known precaution prevent their occurrence. 

According the recommendations the Austrian Society En- 
gineers and Architects, result their elaborate tests, fixed 
masonry arch should constructed only when the following condi- 
tions can realized: 

The abutments must absolutely rigid. 

The falsework must retain its form during the construction 
the arch ring. 

The material (stone and mortar) must the best quality. 

The construction the arch ring must most carefully con- 
ducted. 

The falsework must not released until the mortar has thor- 
oughly set. 

When the falsework released must done gradually and 
uniformly. 

These conditions, except the two first named, can always ful- 
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filled, though the lack rigidity abutments and falsework are the 
two great obstacles the way long-span masonry arches without 
hinges. 

matters pertaining the design fixed masonry arches, 
safe say that the method based the theory elasticity the 
only one entitled full confidence and permitting analysis cor- 
responding accuracy with the knowable properties the 
All other methods are too approximate admit close designing, such 
the modern status engineering science would generally demand. 

This modern and most exact method, however, not free from crit- 
icism. While the fundamental principles the theory are almost 
axiomatic, their final application the solution stresses ex- 
tremely complicated, much that few engineers can credited 
with the patience and earnest endurance master either the method 

Therefore, unless the masonry arch can treated combine 
clearness, simplicity, undoubted accuracy and economy design 
with faultless construction, the field usefulness this class 
structure will remain restricted, and such monuments the Cabin 
John Bridge will continue remain curiosities rare production. 

This not what the masonry arch deserves; view its prac- 
tically everlasting life, cost maintenance and naturally 
zesthetic form, which latter should prime factor, though rarely 
given much consideration, the choice bridge. 

Essentially all the harassing features fixed masonry arches are 
overcome the introduction hinges the crown and abutments, 
thus permitting rigid analytical treatment and affording almost ab- 
solute safety against cracks, even though small settlements may take 
The idea was introduced Koepke, Dres- 
den, 1880, providing open joints crown and haunches. Karl 
Leibbrand, Stuttgart, 1885, substituted sheet lead for the open 
joints, and 1893, applied cast-iron, hinged bearings. The author, 
early 1888, while engaged the construction the strategical 
railway Weizen-Immendingen, Baden, Germany, advocated metal 
hinges for masonry arches, but prejudice and custom prevented 
practical application being made that time. 

Some the noteworthy bridges which have been constructed with 
hinges hinge-like joints are briefly described the following: 


ae 
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Bridges the railroads Saxony, built 1880, Koepke. 
The largest was sandstone, span, rise, thickness arch 
ring 0.50 0.60 consisted convex surface sand- 
stone, radius 0.977 m., rolling concave surface, radius 1.105 
The maximum unit stress was 12.87 atm. Several arches this 
type were constructed, some with only two hinges and some con- 
crete. All gave excellent satisfaction. 

Sandstone bridge over the Enz River near Hoefen, Germany, 
built Leibbrand, 1885. Span, m.; rise, 2.8 m.; maximum 
stress, 24atm. joints sheet lead. Several other bridges 
this type were built 1886 1890. were succes- 
sively increased until 56.4 atm. were attained the Forbach Bridge, 
Baiersbronn, using sandstone 653 atm. breaking strength. 

Concrete arch over the Danube River, near Munderkingen, 
Wurtemberg, built Leibbrand, 1893. Span, m.; rise, 
m.; thickness arch, crown, 1.4 quarter points, and 
abutments. This arch was constructed three-hinged 
arch, and was the first masonry arch with actual hinged joints. The 
maximum compression the arch was 34.6 atm. and atm. adjacent 
the steel hinges. The concrete was composed part Portland 
cement parts sand and parts broken limestone, showing 
ultimate compressive strength 254 atm. days and 520 atm. 
years and months. The settlement the crown, from the time 
closing the arch ring the entire completion, was 13.1 cm. One 
abutment founded rock, the other has pile foundation. 

Concrete bridge over the Danube near Rechtenstein, Wurtem- 
berg, built 1893, Engineer Braun. This made two 
arches, each span and 2.5 rise; the thickness the arch 
0.65 the crown and 0.9 the haunches. Concrete for arch 
ring was composed part Portland cement parts sand 
parts gravel and part quarry stone. The hinges are 18-cm. and 20- 
em. lead strips for the crown and abutments, respectively. The high- 
est stress the arch ring was atm., and the settlements the 
crowns the two spans were 4.0 and One abutment was 
founded piles, the other gravel and boulder strata, and the 
middle pier solid rock. 

Bridge Coulonvreniére, over the River, Geneva, 
Switzerland, built 1895, Engineer Butticaz. This bridge was 
made concrete and consists two main arches spanning 
each, with rise 5.55 each, separated span m., and 
spans were patterned after the arch Munderkingen, and the small 
spans were supplied with lead joints, the bridge Rechtenstein. 

Concrete bridge over the Danube, near Inzighofen, Wurtemberg, 
built 1896, Max Leibbrand. Span, m.; rise, 4.46 hinged 
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crown and abutments with cast-iron, hinged pedestals. Thickness 
arch ring, 0.7 crown, quarter points and 0.78 
abutments. Maximum stress, 36.5 atm. compression, and atm. 
tension. Concrete for arch ring was composed part Portland 
cement parts sand parts crushed limestone with part lime- 


stone screenings. Settlement arch during construction months) 
was cm. 


All the above-mentioned hinged and semi-hinged arches, besides 
others which could not enumerated here, have given excellent 
satisfaction and have developed cracks, even though some were 
founded piles and others clay foundations. Age will undoubt- 
enly beneficial rather than detrimental, which has never been said 
for iron steel bridges. 

The oldest concrete bridge seems have been built Switzerland 
near Aarau, 1840, using Roman cement. This bridge has span 
Even this cement, which not good 
most natural cements, has stood the test time. 

With the adoption three hinges and the evidence just submitted, 
will possible construct masonry arch almost any mod- 
erately good foundation and with reasonable assurance against cracks, 


both during and after construction, all should regarded 


welcome step advance. This feature also makes possible de- 
termine the stresses for any system loading with accuracy and cer- 
tainty, also stress the material from one-tenth one-sixth its 
ultimate strength obtained from test samples. All these advant- 
ages combined the three-hinged masonry arch place high 
plane engineering perfection. hoped that this paper may 
the means introducing this form arch construction into the United 
States. 

the following, all dimensions are given the metric system 
simply for convenience computations, but the formulas are equally 
applicable any other system units. The abbreviations used are: 

meter 3.2809 ft. 

square meter 10.7641 sq. ft. 

lcentimeter 0.3937 in. 

2.2046 Ibs. avoir. 

14.223 per square inch. 
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THEORETICAL DEDUCTIONS. 


I.—General Equations for the Three-Hinged Arch. 


(a) Applied Forces and Reactions.—Given the arch, Fig. with 
hinged joints acted upon the forces and as- 
sumed represent the resultants all vertical loads applied re- 
spectively the left and right the crown Required find 
the reactions the hinges and 

The thrust produced the segment must pass through 
the hinge the only point contact between the segments and 
This thrust must also pass through the hinge otherwise the 
segment would rotate about Also, the intersection cof 
with the force must point the line the reaction produced 


fore, P,' and respectively, determined the resolution 
the parallelogram indicated. 

like manner the reactions produced are found 
and P,', acting and Brespectively. The resultant reactions 
Aand are then and respectively, being the resultant 

the forces R,, R,, and combined force polygon, 
seen that the reactions are equal and opposite, and that the line 
action straight line passing through the hinge This 
equilibrium polygon called the line thrust for the given forces. 
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The horizontal components and are all equal 
(see Fig. which called the horizontal thrust, and constant for 
any point thearch. The vertical components and are the ver- 
tical reactions and respectively, and the vertical component 
represents the shear the crown Only these horizontal and 
vertical components the reactions and will considered 
the following, and will called the reactions.” 

The general expressions for the reactions three-hinged arch 
will now found. 

Assume, Fig. the segment removed and force resolved 
into components (horizontal) and (vertical), replacing the action 
OBon OA. The moment equation about 


Similarly assume, Fig. the segment removed and the 

2 2 


equilibrium segment preserved the force (equal and op- 
posite Rin Fig. resolved into components and before. 
The moment equation about 


— Prd, + Hf = (2) 
evaluating Hand from (1) and (2) 


The vertical reactions are obtained follows from the equations 
for shear. With reference Figs. and 


B= P,— P,— (P, d,—P, d,) = P, P, dy 


= 
|| 
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From (5) and (6) will seen that the reactions and are 
identical with the reactions simple beam supported and 

The value obtained from either Fig. Fig. 

which expression holds good for the resultant thrust any point 
the line thrust, being the shear the point question. 

follows from (3), that all forces acting the arch, points be- 
tween and affect positively, while this not true the re- 

(b.) Reactions Resulting from Train Concentrated Loads, Coming 
the Span from the Right-Hand laws indicated equa- 
tions (3), (4), (5) and (6) are applied deducing the expressions for 
the general case loading, Fig. follows: 


Also, the shear any point distant from the crown found 


the above equations the expression used indicate 


the sum the products for all loads acting between the points 
and Other expressions summations are interpreted ac- 
cordingly. 

(c.) Reactions Resulting from Uniform Live Load per Unit Length, 
Coming the Span from the Right-Hand Abutment and Extending over the 
Span Distance the Left the Crown O.—The following equations 
are obtained analogous equations (8), (9), (10) and (11): 
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Symmetrical Loading.—For equal loads placed symmetrically 
with respect the crown, for symmetrical loading, equations (3), 


(4), (5) and (6), also equations (8), (9), (10) and (11), give the following 
special values: 


For uniformly distributed load over the entire span, and 
equations (13), (14), (15) and (16) give 
V=0 and A = 


only symmetrically shaped arches are treated the fol- 
lowing, the analysis will confined only the half span. 


For any arch center line and hinged and Fig. 
the reaction resulting from any load the left will 
have the direction and the reaction will pass through 
and The reaction will then produce moment about any point 
the arch center line, which will negative positive accord- 
ingly this point above below the line and this moment 
will become zero for point the line Hence the vertical 
through Cis the dividing line loads load divide for positive and 
negative influences the moment about which point the inter- 
section the line with the centerline though more prop- 
erly the line thrust. 

Hence, system loads covering the span from the right abut- 
ment will produce maximum compression the fibers 


AR, 
i 
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the intrados and maximum tension (if any) the fibers the extrados 
for the arch section Also, loads covering the span 
from the abutment will produce maximum compression 
the fibers the extrados and maximum tension (if any) the 
fibers the intrados for this same arch section 

Since the resultant thrust masonry arches usually confined 
the middle third the arch ring (see Section IV) and accordingly 
this line thrust very nearly normal the voussoir joints radii 
vectori, follows that the shear component this thrust necessarily 
small and any discussion with regard loading for maximum and 
minimum shears considered superfluous, especially the unit 
stresses are somewhat liberally chosen, owing the rather uncertain 
properties masonry. 


(a.) Uniformly Distributed Live Load and Symmetrical Dead Load.—1. 
Case loading for maximum compression the intrados for any 
point the left half span: This case loading will also give 
the minimum stress the extrados accordance with the 
preceding, the live load must this case cover the span from the 
right-hand abutment the load divide for the point Fig. 
The following definitions terms will adopted and retained 
throughout this work. 

Let the point application the resultant thrust the 
external forces any voussoir joint section under con- 
sideration. 

Let and the co-ordinates the point referred the rec- 
tangular axes and with origin 


resultant dead load that portion the span between 
and 


resultant dead load for the half span 


live load per unit length, covering the span from 
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distance from crown the load divide the left 

thrust from total dead load and live load 
from 

due live load Dto The dead load being 
symmetrical does not affect 

total shear from dead and live loads assumed 
for 


sultant passes through and hence its moment about must 


zero, likewise the sum the moments the external forces about 
must zero. 


on 


Since the dead load not uniformly distributed the case 
arch, the quantities, for successive positions are not pro- 


portional and must obtained summing the q’s. The entire arch 
divided into vertical segments and the weight each, deter- 
mined, also the distance, from the crown, the center 
gravity each The distances, are obtained dividing the 
sums the moments, g7, the sums the corresponding q’s, thus 


The moment equation external forces about 


which when solved for gives 


V 
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wherein, from equations (13) and (14), 
and 


l 9 


Also, analogy, with equations (12) and (15), 


Fie. 


Now, since for any point, whose absissa, known as- 
sumed, the ordinate, can found from (17), the locus for all 
points from fully determined and can drawn. This 
locus represents the extreme positions all possible lines thrust 
resulting from the combined action dead load and moving live load. 

The loci maximum and minimum effects give once the data 
for obtaining the thickness arch ring for every assumed point, 
(see Section IV). 

Case loading for maximum compression the extrados for any 
point the left half span. The same loading will also give the 
minimum stress the intrados this case the live load must 
cover the span from the left hand abutment the load divide 
Fig. 


— a =o ¢ q — 
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Retaining the previous notation, the moment equation for the point 
is: 


which gives for the value 


which (19) 


l 


Case loading for the half span covered with uniformly distri- 
buted live load for any point the left half span. this in- 
stance the locus represents line thrust for the assumed case 
loading. The condition imposed makes hence 
for load extending from (17) and (18) give 

apl 

(21) 


and 


and for load extending from (19) and (20) give 


and 


equations (21) and (23) the value remains constant for any 
position mand has the value 
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This condition loading was formerly applied case for maxi- 
mum stresses the quarter points; but readily seen from the 
above, this assumption gives values which are much too small. 

Case loading for maximum values and the entire span 
being symmetrically covered with uniformly distributed live load. 
For this condition loading, the shear the crown becomes zero, 
and the locus represents line thrust for the imposed loads. 

The equation moments about any point the line thrustis 


which gives 


(a— 
also 


l 


O---------}- 


n 


Fie. 


Train Concentrated Live Loads and Symmetrical Dead Load. 

Case loading for maximum compression the intrados 
point the left ofspan. Using the notation given under (a) and 
assuming system loads Fig. extending over the span from 
the load divide the following equations are derived the man- 
ner already indicated for (17) and (18). The same case loading will 
also give the minimum stress the extrados 
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which 
(28 
and 
s 1 st | 
H=—23q+ 5,5 =P d+ P (i — d) 
also 


will seen from the value (28) that load falling ex- 
actly will neither increase decrease the value 

Case loading for maximum compression the extrados for 
any point the left half span. The same loading will also give 
the minimum stress the intrados The loads are assumed 
cover the span from the load divide and the distances are 
measured before from the abutment Notation before, 
Fig. 


which 

and 

also 


order obtain the greatest load effects this and the previous 
cases, the heaviest loads should placed near and 
case 

(c.) Loading Under (a) Combined with Concentrated Live Load 

Case loading for maximum compression the intrados for 
any point the left half span, giving also the minimum stress 
the extrados Since single concentrated load exerts its 
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maximum positive influence when applied just the right 
the crown (as may seen from equations (28), the load will 
assumed act unit distance the right for any point 
the left half span. Hence equations (17) and (18) will apply here 
when the effect introduced (see Fig. 6). 


which 
and 


Case loading for maximum compression the extrados for 
any point the left half span, producing also the minimum 
stress the intrados exerts its maximum influence 
when applied vertically over and equations (19) and (20) are 
modified follows. See, also, Fig. 


which 
and 
also 


IV.—Conditions Stress Radial Section Arch. 


(a) The Resultant Normal Thrust the Section.—The resultant thrust 
vertical shear for this point. But not usually normal the 
radial section will have components perpendicular and par- 
allel with this section. 
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The resultant resolved into (the normal thrust) and (the 
tangential thrust) respectively perpendicular and parallel with 
the radial section which section represented the radius 
vector the curve the point and makes the angle with the 
vertical. 

The values Nand terms are now found without 
involving the result. 

The forces and are shown 
their proper relationship Fig. 
from which the following equations are 
obtained: 

angle Onm also 


also 


1 


and 


hence 


and 


However, the tangential force becomes sufficiently large 

require any consideration, especially when arch designed 
that tensile stresses will ever occur, thereby confining the thrust 
the middle third the arch-ring and reducing the angle 
between and very small 
quantity. Also the high factors 
safety 10) used masonry arches 


would not warrant the consideration 


(b) The Stresses the Section.—1. An- 

represent the thickness the arch radial section also 
let the middle point and the point application the 
resultant thrust distant from Required the manner which 
distributed over the section and the intensities the unit stresses 
and the extreme elements the arch-ring. 


Nis given for arch unit breadth then and will 
unit stresses. 
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For acting evident that the stress uniformly dis- 


the right will less than and will greater than 
ky, each amount representing the effect the 
moment 
Therefore, 
which 


9 
substituting these values and reducing 
The lines represents the manner distribution stress 
produced the resultant the section 
Graphical Solution. Equations may written thus 


represented graphically. 


perpendicular 


and lay off distances the right and left from 


Draw and prolong same intersect also draw intersect- 
represent the law variation stress over the section 

6k, 6k, 


avoid tensile stresses any section the resultant normal thrust 
have its point application within the middle third 
said section. 


1s 
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Thickness Arch Ring.—Given the direction, amount and point 
application the normal thrusts obtained from the load- 
ing for maximum compression the extrados and intrados respectively, 
for radial section Fig. 12, find the thickness the arch 
ring which must provided that certain assigned unit stress 
the extreme elements the ring shall never exceeded. 

While and can never occur simultaneously, the center line 
the arch must placed, with respect these thrusts, and mini- 
mum value that the above conditions may complied with. 

The dimension Fig. obtained from the difference between 
maximum and minimum which vertical difference projected 
the radial section multiplying with cos hence cos 


known quantity, and and are found, likewise 
The values equations (39) for the two thrusts are 


11. 12. 


and and from the figure These values 


substituted the second equation (39) give the two following values 
the given allowable compressive stress: 


These equations when solved for and give the dimensions 
sought. 


The ordinate the arch centerline for the section also 

found from and the ordinate the point application which 
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may called Calling the ordinate the center line y,, and the 


The values for the above thrusts and dimensions may now 
found from the first equations (39). 

(d) Tensile may occur that after having found from (40) 
and from (39), the latter value may negative tensile. Should 
this tensile stress excess the allowable stress then the thick- 
ness must further increased, the material the arch 
concrete the excessive tension may taken the insertion wire 
netting iron rods. The method computing the area metal 
required given the following: 

Fig. 13, let the radial arch section tensile stress 
the extreme element and 
the corresponding compressive stress 


tance from the axis the arch. Let 
the area the steel required for 


arch ring unit breadth and 
the allowable unit stress for steel. 
The total tensile stress the arch ring (for unit breadth) will 


From the similar triangles Ben 


The point application isthe center gravity the triangle 


Ame which distant from amount Hence the mo- 


the steel rod, produces therein the force 


© 
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hence from (43) and (44) the value found 


equation (45) tensile stress and compressive stress 
and both enter into the equation without regard sign stress. 


(45) 


V.—Deformations the Arch Ring. 


(a) General Consideration; Changes Length the Arch Ring.—An 


arch ring, when under the influence stress and changes tempera- 


ture, subject elastic deformations. The compressibility ma- 


sonry stress and the shrinkage caused the setting process 
mortar and concrete, bring about permanent shortening the arch 
ring during construction and test loading. 

The resultant effect these several shortenings and temperature 
changes produces deformation the arch ring which must pro- 
vided the construction, prevent deflection below the normal 
which, occurred, would materially increase the horizontal thrust 
the abutments. This superelevation, which must given the 
arch ring order that may attain its proper rise when completed 
called camber. 

Besides the above deformation, which partly elastic and partly 
permanent, provision must also made for the settlement the 
falsework caused the weight the arch ring the time 
closing, when the latter becomes self-sustaining. This part the 
problem here omitted depending the nature the 
falsework and local building conditions. 

The change length the arch ring resulting from stress, tem- 
perature, compressibility material and shrinkage masonry will 
now found. 

The normal arch thrust may found, for any combination 
dead and live loads, from the preceding equations, and this thrust 
increases from the crown toward the haunches. 


The cross-section 
the arch ring also variable quantity. 


divide the arch ring into sections over which the cross-section and 


normal thrust may considered constant. The sum the incre- 


change these sections gives the change length the 
arch ring. 
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Let section arch, over which the area and thrust 
are assumed constant. 
the length for any assigned reasons. Decrease 
negative. 


abutment. 
normal thrust acting through the length 
average cross-section the section length 
modulus elasticity the material for the working stress 


modulus permanent set the material for the working 
stress 
coefficient expansion for Centigrade. 
air. 


then 


The elastic change length arch ring completed 
structure longer subject increased permanent set 


(b) Deformation; Analytical Solution.—To find the deflection the 
crown arch ring, which latter has shortened amount 
found from (47) (48). 

Let Fig. 14, the chord from crown abutment, correspond- 


\ 
( 
I 
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ing the half span and rise the length this chord after 


the half arch ring has shortened amount and the rise has dimin- 


length the center line the arch ring between the crown and 
the abutment. 


From the figure which, substituted the pre- 


The value which represents the deflection the crown, may 
then found from equations (49) and (50). 


While the value not exactly correct, yet the approxima- 


tion close that the resulting equations are entirely within the 
knowable accuracy even for long spans. 

will noticed, this solution applies arches any shape not 
necessarily circular, but most accurate for circular arches. 

Deformation Graphical Solution.—The general case for any con- 
dition unsymmetrical loading and displacements abutments can 
best solved the graphical method.* Only the 
method here given, without repetition its derivation, for which 
see above-named article. 

Fig. 15a, let represent the line thrust three-hinged 
arch for any particular case loading; etc., the sections 
into which the arch divided; and A2, the con- 
tractions the lengths L,, respectively, caused from any 


combination conditions, stress, shrinkage masonry, tempera- 
ture, ete. 


See article Distortion Framed Structure,” David Molitor, Journal 
the Association Engineering Societies, Vol. xiii, 310. 
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Fig. draw succession, from any point A’, the contractions 
Fig. 15a, and the direction which these contrac- 
tions act relatively the fixed point the example, the being 
negative, the elements the arch, Fig. 15a, all move toward and 
from The broken line then represents the motion the 
point relatively the point assuming that the arch elements 
move parallel themselves. like manner, the broken line B’, 
Fig. represent the motion the point relatively the point 

However, the elements the arch not move parallel them- 
selves, but the half arch revolves about and the half arch 
revolves about until the point common both halves, attains its 


new position. This revolution performed second operation 


follows: 

pendicular Now transfer from Fig. 15c Fig. 
parallel and equal itself, and Fig. draw perpendicular 
O's, and will represent the direction and amount the dis- 
placement the point Also transfer from Fig. Fig. 
and Fig. draw O'' perpendicular and will check 
direction and amount the value found Fig. 

find the displacements the individual points 
draw broken line A’, with its elements proportional 
and respectively perpendicular the elements 3,4, The 
lines will represent the true displacements the 
the points etc., respectively. The same construction applied 
Fig. 15c gives the displacements the points the half arch 

When the abutments are displaced amounts Aand 
respectively, these displacements are embodied the diagrams 
Figs. 15, and indicated the dotted construction, and the dis- 
placements are then measured from the dotted broken lines 
and respectively, the broken lines and B’. 

For symmetrical loading, where the displacements the half arch 
are exactly equal those the half arch the line thrust 
symmetrical, and the the crown must vertical. 
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This extra condition makes possible dispense with one the 
diagrams, and’the solution becomes shown Fig. 15d. The point 
vertical through becomes the deflection the crown. 

should noticed the solution Figs. 15, that Fig. 
drawn small while the displacement diagrams cand are 
drawn scale. For small contractions these diagrams may 
drawn scale 100 times the natural. 

always best make accurate determinations the above values for 
the material used any particular structure, especially when 
close agreement desired, yet brief summary the meagre data 
this subject may useful furnishing values for preliminary com- 

Values for German Portland cement mortars, sixteen weeks 

Mortar mixed part cement part sand..e 0.0012 0.0034 


Values for one degree temperature (Centigrade). 
Cement mortar (Bruniceau).............. 0.00001 0.000014 
Portland cement concrete (Bausch- 
Stone and brick (Bruniceau)............. 0.0000053 0.0000083 


Regarding the values and will necessary recite 
briefly the results the interesting set experiments made 1894 
Professor Bach, Stuttgart, which are vital importance 
the subject here treated. 

These experiments showed that any concrete when subjected 
stress would undergo permanent set and elastic deformation, the 
magnitudes which become constant after several repetitions the 
same stress. The number repetitions necessary produce con- 
stant deformations appeared function the breaking strength 
the concrete, and the intensity stress. The greater 
the ultimate strength, the less repetitions were required; and the 


greater the applied stress, the greater the number repetitions. 


See article David Molitor Concrete under Compressive 
Jour. Assoc. Eng. Soc., 1898. 

See report Committee Compressive Strength Cements, ete. Transactions 
Soc. Vol. xv, pp. 717. 
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However, for each kind concrete maximum stress was reached 
(about 0.7 breaking stress) for which seven eight repetitions 
would still continue increase the deformations. Presumably more 
repetitions would have restored constancy, but this point may 
regarded natural limit allowable stress, though there does not 
appear definite limit elasticity. 

The tests were made cylindrical samples concrete, 
long and diameter, mixed part Portland cement 
parts sand parts broken limestone, and part cement sand 
stone, age two three months. The breaking strength was 
every case determined from the cylindrical samples. The strength 
the same concrete developed cubic samples would have been about 
one and one-half times the strength obtained from the long cylinders. 

The following tables give values and for various values 


ultimate strength and applied loads. These given metric 
atmospheres. 


tabulated values). 


228 214 204 193 181 171 163 
120 262 258 234 222 210 200 191 
100 150 296 290 278 266 255 244 235 224 
120 180 320 314 286 276 267 257 
140 210 340 333 303 291 280 270 260 


tabulated values). 


ULTIMATE STRENGTH 


APPLIED LOADS ATMOSPHERES, PER Sq. 


The important conclusions arrived Tourtay,* regarding com- 
pressive properties masonry, are here given. 
Ann. des Ponts Chaussées, 1885, ii, 15. 
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The ultimate strength small cubes cement mortar con- 
siderably less than the compressive strength blocks masonry 
made with the same mortar. 

The pressure which crushes the masonry inverse function 
the thickness the mortar joint. 

laid loosely upon each other have much smaller 
compressive strength than solid cubes. 

The same stone plates, when cemented together with neat 
cement grout, possess the same compressive strength solid 
stone samples. 


APPLICATIONS. 
Solution Problem. 


(a) Introductory.—To illustrate more clearly the method arch con- 
struction proposed the foregoing, problem solved sufficient 
detail bring out the practical applications the theory. 

designing metal bridges, the dead load generally known, the 
more accurate for the forms most use. This not the case with 
masonry arches for reasons insufficient experimental data. Also, 
steel arch may designed with any rational center line because 
tensile stresses can provided for, while masonry only compressive 
stresses are safely permissible; therefore, the shape masonry arch 
necessity function its loading. 

However, with the dead load known, the three-hinged masonry 
arch can analysed and dimensioned with the same degree ac- 
curacy, consistent with the nature the material, possible 
steel. But, the dead load can obtained other way than 
computation from assumed dimensions, the solution must reached 
successive approximations dimensions until the loading result- 
ing therefrom produces stresses the arch which are not excess 
the allowable unit stresses. Much depends the experience 
the designer the rapidity and directness with which solution 

may obtained. 

The method which believed will lead solution with 
minimum useless computation illustrated the following 
problem. 

the Problem.—Design three-hinged concrete arch 
72-m. span between pin centers, m., width driveway, 
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8m., and footwalks wide, each side the driveway. The 
profile the site given, and the abutments are founded 
hard clay. The bridge carry electric motor car weighing 
uniformly distributed live load 400 kl. per (82 per square 
foot). 

The maximum allowable working stresses are atm.* (568.8 lbs. 
per square inch) compression, and atm. (28.4 lbs. per square inch) 
tension, for concrete composed part Portland cement parts 
sand parts crushed limestone. This concrete must attain the fol- 
lowing compressive strengths 20-cm. cubes: 220 atm. days, 
350 atm. months, and 500 atm. years. The tensile strength 
mortar composed part cement parts sand must least 

(c) Outline the Method. (See Plates XLV and XLVI.)—In this 
all bridge designs, the details the roadway and its supports the 
arch ring are first designed. doing the dead loads may com- 
puted, involving the weight the arch ring the only variable sub- 
ject correction. 

diagram the half span (see dimension diagram Plate XLVI) 
then prepared and the roadway and its supporting columns drawn, 
which fitted arch ring seeming good proportions for the given 
span and rise. the experience the designer practically 
his only guide, but reference completed design solution once 
made will assist wonderfully making close approximations. will 
seen from the side elevation, Plate XLV, that the center line 
three-center curve) almost complete circular slightly flattened 
the crown. 

The concentrated dead loads, are now eomputed using the 
dimensions scaled from the preliminary diagram. These values, 
together with values and are tabulated together with com- 
puted values (see Table No. 1). 

Then assuming the maximum case loading over the entire span, 
compute from equation (27), from equation (26) and 


thickness arch ring the crown D,= and the abutments 


Stresses and pressures will given throughout this problem metric atmos- 
pheres equal per cm.? (14.22 per square inch). 


* | 
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Da= appears that the assumed dimensions differ 


widely from those computed, well make second approxima- 
tion before proceeding further with the solution, though correct idea 
can yet formed the required arch thickness the quarter 
points. The arch thicknesses, the crown and springing, should 
chosen about greater than found computation, since these sec- 
tions will adjacent the hinges and some allowance must 
made for unequal distribution pressure due friction the 
hinged bearings. 

When the solution appears satisfactory this stage, the assumed 
arch ring should tested two three points between the crown 
and springing. The maximum thickness the arch ring will occur 
distance about 0.3 from the crown. other sections, 
distant about 0.15 and 
from the crown, should 
dimensioned, after which 
will usually possible 
proceed the final design and 
computation, unless the agree- 
ment with the preliminary de- 
sign was not sufficiently close, 
which case the process 
should repeated approxi- 
mating new arch ring, using 
the dimensions last obtained. this latter case some allowance should 
made for the probable effect the new dead loads. The larger the 
ratio between dead and live loads, the less will the divergence 
maximum and minimum thrusts, though increase dead loads 
will also increase the resultant normal thrust any section. 

The method dimensioning just referred consists computing 
maximum and minimum y’s and the corresponding H’s for each the 
three points, using the present problem equations (32) and (34). 
The differences the y’s give the Fig. finding 
from equations (33) and (35) for each the three points, compute 
and from equation (36). From equations (40), (41) and (42) the 
values and y,, respectively, may found. The value cin 
equation (40) equal cos may also seen Fig. 16. 


Horizontal through crown pin. 
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All the factors for five points, including crown and springing, being 
now fully determined, the intermediate values can easily inter- 
polated making the final dimension diagram. 

The new diagram now accurately drawn, and the design carefully 
computed, the manner just outlined for the three test points, ap- 
plication the method many points may deemed necessary 
desirable fully determine the dimensions and stresses through- 
out the arch. 

There still one other point which interesting know and 
illustrated the final computation. The center line the arch ring 
and the line thrust for the case uniformly distributed 
live load acting over the entire span, are nearly alike that 


appreciable error would introduced accepting this line thrust 
for the center line. 

The above outline the method followed now applied 
the problem hand. the following computations, the arch ring 
assumed wide, and the live load thus becomes 400 kls. per meter, 
combined with concentrated live load 000 kls. 

(d.) Design the Roadway.—From esthetic considerations and for 
economic reasons, the roadway designed the parabolic curve 
whose equation 0.001 making the same 1.3 higher 
the crown than the abutments (see Plate XLV). 

The roadway made concrete floor arches 2.4 span, 
small concrete piers resting the arch ring. The cross- 
section the driveway the arc circle having middle ordinate 
0.12 m., and covered with cm. asphalt composition. The 
footwalks are sloped toward the bridge axis with slope 100, 
and are finished cement mortar. The car track placed the 
center the driveway and hard paving brick laid adjacent the 
rails. 

The horizontal thrust the floor arches taken steel 
rods 2.5 cm. diameter, and spaced cm. apart under the driveway 
and em. under the footwalks. Expansion joints are provided 
the roadway the crown and the abutments, all shown 
Plate XLVI. Drainage the roadway provided cast-iron 


pipes placed the first piers adjacent the abutments, one for each 
gutter. 
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accordance with this design the weight the floor, complete, 


the springing the arches and between the pier centers, estimated 
follows: 


Concrete for arch and portion pier springing, 


Six steel rods, 2.5 cm. diam., long............. 
Total weight carried one pier...... 883 kls. 


The round number 900 kls. was used. 


The floor arches are designed carry 000 kls. evenly distributed 
over the half span (unsymmetrical load diagram Plate XLVI), 
and the center line corresponds the line thrust following from 


000 distributed over the entire span (loads These 


lines thrust for these loads are drawn for arch horizontal, also for 
the inclined position between piers and8. The maximum horizontal 
maximum compression the crown atm. and the haunches 
and quarter points 36.8 atm. tension occurs anywhere. 

The longitudinal section investigated the curb the drive- 
way where the minimum thickness arch (15 cm.) possible. How- 
ever, this portion the roadway, according the above computa- 


tion, amply strong carry 20-ton road roller. result the 
crowning the roadway the floor arches attain thickness 
the axis the bridge. 

(e) Design the Arch Ring.—A preliminary diagram similar that 
shown Plate XLVI, now drawn and the dead loads aré com- 
puted and tabulated, together with values rand far 
these may necessary for the points 10in the present problem. 

The points and would have been somewhat better, but those 
chosen are quite suitable for good interpolations intermediate values. 

The preliminary investigation for the crown, the points and 
10, and the springing, given Table No. the results which in- 
dicate fully what extent the assumed design was error. 

the preliminary diagram certain values and were as- 
sumed. These are tabulated together with the results just found. 
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PRELIMINARY VALUES. 
Point. 
1.40 0.38 0.423 
1.68 1.90 1.660 1.964 
1.40 6.30 1.500 6.394 
1.00 10.00 1.060 10.000 


From this comparison, which shows close first approx- 
imation shape and thickness arch ring, will seen that 
perfectly now safe proceed the final design and the detailed com- 
putation thereof. This could have been done even with less satis- 
factory coincidence the above values Dand 

From the values and just found Table No. the inter- 
mediate values must now interpolated, preparatory constructing 
the final dimension diagram Plate XLVI. 

find the arch center line, plot the 
five points, whose co-ordinates and 
are now known, and connect them cir- 
cular using the method indicated 
Fig. 17. Connect the plotted points 
straight lines forming the polygon 
with convenient center the vertical, 
having its sides respectively parallel 


1 Ox 
those the foregoing polygon. The 


17. 


and the latter, when drawn, will intersect 
three center curve will found fit arch this type, was done 
the present example (see Plate XLVI). 

interpolate values between those already found, plot the 
found values ordinates with the corresponding values 
Fig. 18, choosing vertical scale about twenty times the horizontal. 
joining these points with the use irregular curved ruler, and 
noting that maximum should occur 0.3 from the crown, 
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about point the intermediate values may then scaled from 
the diagram with considerable accuracy. 

The diagram, Plate XLVI, can now drawn, and all necessary 
dimensions for the final computation are then scaled therefrom. Any 
slight differences that may found between these scaled dimensions 
and the final computed arch dimensions will too small warrant 
reconsideration, especially the knowable accuracy with which 
the dead loads can determined far excess any differences 
still expected this stage the solution. The final drawings 
should, course, constructed with the use the dimensions re- 
sulting from the final computation. 

The final computation carried out complete detail the 

following tables, and 
all the steps the 
solution the formu- 
las used are readily 
traced without any fur- 
ther description. The 
weights are based 


Values 


assumed weight 
the concrete 
kls. per cubic meter. 
Table No. gives 
the general data rela- 
tive dead loads, and 
the line thrust for live load 200 kls. per square meter over the 
entire span. This case loading should give thrust corre- 
sponding with the center line the arch ring. 
Table No. gives the computation for the values maximum 
being the result loading which produces the maximum compres- 


88 cm. 


8 


sion the intrados, and the minimum stress the extrados. 

Table No. gives the computation for the values minimum 
being the result loading which produces the maximum compres- 
sion the extrados and the minimum stress the intrados. 

Table No. gives the computation the thickness the arch 
ring the several points selected, also the ordinates the center 
line, and the unit stresses the extreme fibers the arch ring. See 
Plate XLVI for graphical representation. 
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comparison the last assumed data, and the final dimensions 
obtained Table No. given the following table, from which 
clearly seen that the last assumed arch ring gave dead loads and 


dimensions which could scarcely improved further compu- 
tations: 


For total live load 
88 0.00 88 0.000 0.000 
112 0.05 110.4 0.043 0.042 
131 0.18 129.8 0.188 0.185 
145 0.45 145.8 0.440 0.442 
154 0.80 156.4 0.820 0.824 
162 1.29 163.3 1.339 1.346 
166 1.96 168.0 2.002 2.012 
167 2.80 169.7 2.828 2.842 
166 3.79 166.6 3.833 
160 4.98 162.7 5.010 5.026 
150 6.38 151.8 6.397 6.408 
134 7.994 7.998 
106 10.00 106.0 10.000 10.000 


The above agreement between and illustrates very strikingly 
the statement previously made, viz.: that the line thrust, for case 
entire span covered with one-half the uniform live load, represents 
practically the center line the arch. 

will noticed that the tensile stresses the intrados points 
and (see Table No. are slightly excess the allowable, being 
2.8 atm., against allowed. This would probably safe, 
but having set the limit atm., the excess 0.8 atm. must pro- 
vided for, either giving the section larger dimensions these 
points, introducing few iron rods take the excessive 
tension. The latter method will adopted merely illustrate the 
application the formula. 


The sectional area iron required for arch em. width 


(10 000 Ibs. per square inch), and leaving about cm. 
concrete outside the iron. 

substituting these values (45), and solving, found that 
0.002 for arch wide 0.2 cm.? would required, 
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rods mm. diameter for each meter arch, rods mm. 
diameter, whichever may preferable. 

Design the Hinged Bearings.—The radius curvature the 
rolling surface according Winkler, Heinzerling Melan given 


bearing 390 543 for width arch, length roll- 
ing surface cm. and allowable unit working stress 240 
atm. for cast iron under slow motion. 
Then 

find the height the bearing necessary distribute the stress 

over the concrete, let 


height the bearing. 
thickness arch ring adjacent the bearing 106 cm. 
width bearing 100 cm., but the rolling surface only 
cm. 
normal pressure the bearing for width arch 
390 543 
tangential stress the bearing for width arch 
860 kls. 
maximum bending moment the bearing. 
roller. 


moment inertia vertical section through axis 


allowable unit stress 500 atm. for cast iron, quiescent load. 
Then 


which solved for gives 


The friction between cast iron and stone about 0.6; 
hence tangential stress 0.6 234 300 would required 
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slide the bearing plate. The existing tangential stress only 860 
kls. However, small rib provided the bottom the plate 
prevent sliding during the erection the structure. 

diminish the sliding friction between the roller surfaces the 
bearings, intended make the radius the convex surface 
and that the concave surface 16.5 cm. (not shown the draw- 
ings), thus converting the sliding friction into rolling friction. The 
are described these rollers, for the extreme movements the arch, 
small that the point contact between the rolling surfaces 
would not appreciably displaced, and there absolutely danger 
unequal distribution pressure the casting, even were the 
motion reach are. 

(g) Composition the Concrete.—The full section the arch ring 
for distance from the hinges, and all outside the middle 
third the arch ring; also the floor arches and the exposed surfaces 
abutments and piers for adepth cm. from the surface, shall 
concrete, composed part Portland cement parts sand 
parts limestone. The middle third the arch, the surfacing the 
roadway under the asphalt composition and the cores the small 
shall mixed except the abutment foundations which 
shall made shown Plate XLVI. 

Camber.—The camber allowed the arch ring will now 
found for the condition that the bridge when completed, carrying 
the dead load and load 200 kls. per square meter, shall 
its true level Cent. 

realize this, the falsework must superelevated amount 
equal this camber plus the settlement which the former may 
undergo the time closing the arch ring. The settlement 
the falsework should determined actual tests made prior con- 
struction. 


After the arch ring closed mean temperature of, say, 24° Cent., 
and under stress, should above its geometrical shape the 
amount the camber. Hence, the camber will equal the 
tion the crown caused the dead load and the uniform live load 
200 kls. per square meter, and diminution temperature 24° 
Cent. below the mean. Then, under ordinary temperatures and loads, 
the arch will usually above its theoretical position, which very 


: 
2 
4 
Pay 
: 
4 


642 MOLITOR THREE-HINGED MASONRY ARCHES. 


desirable, the horizontal thrust materially increased diminu- 
tion the rise the arch. 

The thrusts resulting from the assumed case loading are found 
Table No. using equations (26), (27) and (36). 
the successive arch sections between the crown and the abutment, for 
the respective values are also found Table No. from equa- 
tion the assumed case loading one symmetry, only 
the half arch treated. 

The concrete used for the arch ring should possess ulti- 
mate compressive strength 220 atm. probably the age when the 
bridge will first tested. From Table No. the average unit work- 
ing stress, for the case loading just above mentioned, will seen 
the data given under Section follows: 0.0000088, 
295 000 atm., and 3000 000 atm. For 24° Cent. 


0.00111 and 0.00000372, which values are used 


The abutments themselves will somewhat displaced result 
stress and temperature effect, though the shrinkage will probably 
have taken place prior closing the arch ring. Hence the equation 


for the shortening the abutment may written 


value, and 1000 becomes 0.23 cm. This displace- 
ment considered the graphical solution Plate XLVI, but not 
the analytical solution here following: 


which 3.693 cm. permanent and 0.828 cm. elastic. 


Hence from equation (49), 


and from equation (50), 


cm. 
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This agrees very closely with the value 16.65 cm., obtained from the 
graphical solution Plate XLVI. 

When the displacement the abutments, amounting 0.23 cm., 
included, the total the crown will The de- 
flections any other points the arch ring may scaled from the 
diagram, Plate XLVI. 

the falsework were absolutely rigid, the crown the arch would 
require superelevation 17.5 cm., that the arch, closed 24° 
Cent., and when carrying its own weight and live load 
per square meter, will have rise Cent. The design 
the falsework not made part this problem. 

(i) The Pressure the Abutment Foundations.—This found 
4.76 atm. (see Plate XLVI). This, for the character the substrata, 
assumed the problem hard clay, way excessive. How- 
ever, when dealing with aspecific case, the pressure area may made 
any desired quantity and the foundation pressure diminished 
such intensity may seem safe for the particular case. 

The fact that small settlements the abutments three-hinged 
masonry arches are not attended any serious consequences, 
especially when sufficient camber was put into the arch during con- 
struction, makes perfectly safe exceed the pressure limits, 
foundations hitherto allowed for arches without hinges, from 
100 per cent. 

(j) following table contains the quanti- 
ties Portland cement concrete the various mixtures for the dif- 
ferent parts the structure. 


QUANTITIES CONCRETE, CuBIC METERS. 
Structural parts. 


Floor arches and 
Two abutments and wing walls 
Two abutment foundations 


Totals cubic meters............... 661 
Totals cubic yards....... 78.5 979.7 2176.5 


2 
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QUANTITIES. 


Metric U.S. units. 


Portland cement concrete, mixed, 
“ ot 


“ 


sq. yds. 


“ :3 


“ “ 


Louisville cement concrete 

Earth excavation 

Asphalt pavement over abutments, concrete found.. 
Asphalt composition cm. thick over 
Concrete footwalks over 
Concrete balustrade over abutments........... ft. 
972 steel rods, 2.5 cm. dia. long, nuts each end 


~~ 


Unit prices have not been inserted the above table because these 
are too much dependent local conditions and market values. How- 
ever, liberal estimate cost for the entire structure designed, in- 
cluding 10% for engineering contingencies, would about $96 000. 
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MEMOIRS DECEASED MEMBERS. 


Memoirs will hereafter reproduced the Volumes Transactions. Any infor- 
mation which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final 


JAMES CHATHAM DUANE, Hon. Am. E.* 


1897. 


James Chatham Duane was born Schenectady, Y., June 30th, 
1824. came old Revolutionary stock; his great grandfather, 
Judge James Duane, having been prominent the affairs the col- 
onies during the struggle for independence from the mother country. 

James Duane and John Jay were delegates from New York the 
First Continental Congress, but neither them happened at- 
tendance when the Declaration Independence was signed. James 
Duane was, however, prominent member the committee that 
drafted the Constitution the United States. 

the evacuation New York City the British troops was 
appointed its first Mayor. Duane Street, then the northern limit 
the city, was named after him. was subsequently appointed 
judgeship President Washington, who had long been his warm 
personal friend. 

The subject the present obituary notice, James Duane, entered 
Union College 1840, and was graduated 1844 with the degree 
entered the Military Academy West Point 1844, was 
graduated from that institution July 1st, 1848, third his class, and 
was once assigned officer the Corps Engineers, United 
States Army. 1850 married Harriet W., eldest daughter Cap- 
tain, afterwards General, Henry Brewerton, the Corps Engineers. 
United States Army, who was that time Superintendent the Mili- 
tary Academy. 

passed through all the grades the Corps Engineers, from 
the lowest the highest, having reached the office Chief Engin- 
eers and the grade Brigadier-General, United States Army, October 
14th, 1886. was retired the age sixty-four operation 
law, June 30th, 1888. 

His service forty years the army, both peace and war, 
was always meritorious and faithful and often distinguished. re- 
ceived the brevets Lieutenant-Colonel and Colonel for 

and faithful services the campaign from the 
Rapidan the James River, and particularly for distinguished pro- 


Memoir prepared the following committee appointed the Board Direction: 
Wm. Fteley and James Duane, Members, Am. Soc. 
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fessional services before Petersburg, and the brevet Brig- 
adier-General For gallant and meritorious services during the siege 
Petersburg, and the campaign terminating with the surrender 
the army under General Robert Lee.”’ 

detailed statement General Duane’s services given the 
order from the headquarters the Corps Engineers soon after his 
death, which New York, November 8th, 1897. 
ing this order the Chief Engineers remarks follows: 


General Duane’s long period public service was characterized 
faithful devotion every duty committed his charge, coupled 
with professional attainments the very highest order. most dis- 
tinguished officer the Engineers, his conspicuous services 
will best appreciated its members, who feel justly proud his 
honorable 

distinguished comrade the Corps Engineers, who knew 
what wrote, remarks follows: 


After leaving Fort Pickens 1861, Duane was Washington 
the fall and winter 1861, engaged drilling and organizing the 
Engineer Battalion constructing bridge equipage for the army. 
1862, command the Engineer Battalion, went through the 
Peninsula campaign. the siege Yorktown his work was conspic- 
uous. Untiring energy, after being out the works nearly all 
night, would drop the ground, covered his tent, catch 
little sleep, often too fatigued change clothing soaked the rain. 
Regardless himself, often wondered how any constitution could 
endure what underwent. When the Army the Potomac left the 
Peninsula, built the bridge across the Chicahominy. was one 
the largest pontoon bridges that had ever been built (about 000 ft. 
long), was ready time, and carried the army without mishap. 
the Antietam campaign was Chief Engineer the Army the 
Potomac and remained such while McClellan wasin command. Here, 
too, was indefatigable. 

did not serve the same field with him again until returned 
the Army the Potomac the spring 1864, finding him again 
its Chief Engineer. the Peninsula and Antietam campaigns, 
here, again, was untiring his professional work, the lines works 
about Petersburg, which shut Lee’s army being, perhaps, its most 
conspicuous example. 

Under trials that would have broken down one less faithful, 
met Meade’s nervous impatience with his own enduring sense duty. 
had the greatest modesty and that thorough common sense all 
times and under all circumstances, which one the most valuable 
intellectual gifts man can have. Thoroughly true, honest and un- 
selfish, there are few men whose loss will more deeply felt 
those who knew him intimately.” 


After the war, before General Duane became Chief his Corps, 
had long service member and later President the Board 
Engineers New York City. His influence was strongly felt that 
important Board, and his ideas and suggestions were extensively uti- 
lized the type structures for the defense our harbors, such 
batteries for the heaviest modern guns and mortars, including the 
gun-lift and turret. 
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Besides his purely military work, General Duane performed most 
valuable service Engineer the First, Second and Third Light- 
house Districts, and member the Lighthouse Board Washing- 
ton. his varied and extensive operations this professional 


line may had from the following summary furnished officers 
the Lighthouse Department. 


Under the direction General Duane, Engineer the First, 
Second and Third Lighthouse Districts, the following structures have 
been designed and built: 

Twenty-six cast-iron lighthouses and towers, some them 
cast-iron foundation piers filled with concrete. This kind struc- 
ture was introduced him. 

stone and brick lighthouses and towers, among which 
Fire Island Tower the most important. 

Sixteen fog-signal stations. 

Thirty-seven keepers’ dwellings. 

most conspicuous features General Duane’s long service 
under the Lighthouse Establishment were 

the general subject sound and fog-signal ap- 
paratus. See his report January 12th, 1872, the Lighthouse 
Board. for details. 

practical adaptation steam whistles for fog-signal pur- 
poses. General Duane’s designs for the steam-whistle apparatus 
were the first extensively used the service. many stations 
the original apparatus designed him still use, though im- 
provements many details have since been made. Steam whistles 
are now used fog signals ninety-four stations the United 
States service. 

The use cast-iron concrete-filled foundations, and cast-iron 
towers, for light stations. This form structure has proved econo- 
mical first cost, extremely durable and cheap maintain repair, 
and particularly well adapted lighthouses erected the water 
northern latitudes where the structure exposed the action 
ice. About forty-six lighthouses this general design have been 
erected various parts the United 


1870-71, while Engineer the First Lighthouse District, Gen- 
eral Duane made elaborate series experiments the transmis- 
sion sound, its application fog signaling. The subject was 
then its infancy, and the theories advanced the General ac- 
count for certain anomalies received marked attention from 
scientists both home and abroad. His explanations some per- 
plexing phenomena, that time little understood and even not gen- 
erally known, have since been accepted scientifically correct. 

Professor John his lectures sound, says 

Passing over the record many other valuable observations 
the report General Duane, come few very important remarks 
which have direct bearing the present question. 

attentive observation,” writes the General, during three 
years, the fog signals this coast, and from the report received 


Tyndall Sound,” Ed., Appleton Co., 1887; also see report the Light- 
house Board for 1874. 
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from the captains and pilots coasting vessels, Iam convinced that 
some conditions the the most powerful signals will 
times 

frequently occurs that signal which under ordinary cir- 
cumstances would audible the distance fifteen miles cannot 
heard from vessel the distance one mile. This probably 
due the refiection mentioned Humboldt. 

temperature the air over the land where the fog signal 
located being very different from that over the sea, the sound, pass- 
ing from the former the latter, undergoes reflection the surface 
contact. The correctness this view reudered more probable 
the fact that when the sound thus impeded the direction the 
sea has been observed much stronger inland. 

Experience and observation lead the conclusion that these 
anomalies the penetration and direction sound from fog signals 
are attributed mainly the want uniformity the surround- 
ing atmosphere, and that snow, rain and fog, and the direction the 
wind have less influence than has generally been supposed.” 

report General Duane marked throughout fidelity 
the facts, rare sagacity and soberness speculation. The last three 
the paragraphs quoted exhibit, opinion. the only approach 
true explanation the phenomena which the Washington report re- 
veals.” 

While thus proving himself able theorist, the General has con- 
clusively exhibited his ability practical mechanical engineer 
designing the type fog-signaling apparatus employed making 
the above experiments, and which still general use. When 
first took charge the lighthouse work the New England coast, 
was confronted with difficult problem. 

Many the light stations built early the century were fallin 
into decay, and the funds available for their renewal were very inade- 
quate. this emergency designed type tower composed 
cast-iron segments bolted together, which, model stability and 
economy, has been largely used the service. 

also invented mixer for concrete which still extensively 
used contractors and engineers many important works. 

General Duane was the author manual for Engineer Troops, 
and he, with General Abbot and Colonel Merrill, the Corps En- 
gineers, prepared important work 1870 entitled, 
the Bridge Equipage for the Army.” 

The following was written officer the Corps Engineers 
who had been closely associated with General Duane: 


During the later years his life his eyesight failed and was 
averse writing, but his mind was storehouse useful knowledge 
which was always willing impart. 

His ability and good judgment were well known that was 
frequently consulted important matters members the Corps 
Engineers, and his opinions always carried great weight. 


Had been aware its existence might have used the language General Duane 
express views the point here adverted to. See Chap. VII, pp. 319-320. 
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was the most lovable men and the stanchest friends. 


Honest purpose, had the faculty knowing what was right and 
sophistry could swerve him. 


His integrity was beyond question and one who had business 
relations with him could fail admire and respect him.” 


Another officer writes follows: 

was quiet, undemonstrative, able and wise, conscientious and 
perfectly fearless the discharge duty. would always what 
thought right, regardless personal consequences.” 

1888 General Duane was appointed member the Aqueduct 
Commission New York. The work, outside its engineering feat- 
ures, the magnitude which well known, presented that time 
especial difficulties requiring the highest order abilities the part 
the and General Duane’s ripe experience and relia- 
bility council were fully equal the situation; the value his 
service expressed the following extract from the resolution passed 
the Aqueduct Commissioners: 

General Duane brought this Commission mind and disposi- 
tion exceptionally fitted for the important duties which was called 
upon perform. His designation member this body, Au- 
gust, 1888, and his immediate election thereafter presiding officer, 
were accepted the public guarantees the spirit with which the 
great work proposed should out. more than justified the 
wisdom his selection and the confidence the people. From the 
day his appointment until the day his death, the work the 
Aqueduct Commission had his entire and devoted attention; and his 
distinguished professional skill, untiring watchfulness and unfailing 
tact due great measure the success with which the work this 
Board has been successfully prosecuted.” 

The preceding record proves beyond question the great merit and 
unusual ability this distinguished soldier and engineer. His noble, 
lovely qualities man endeared him also unusual degree 
his family and friends, and them his loss irreparable. 

General Duane was elected Honorary Member the American 
Society Civil Engineers November 20th, 1886. 


JOHN HOUSTON, Am. E.* 
Diep 30TH, 1896. 


John Houston was born Edinburgh, Scotland, June 24th, 1828. 
His father was David Houston, lawyer that city. studied 
London, and attracted the attention some prominent engineers, 
public office, the accuracy the work entrusted him. After 


Memoir prepared John Bogart, Am. Soc. 
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completing his studies, and after the death his mother, whom 
was greatly attached, determined the United States. eng 


had acquaintances that country, and took letters intro- 
duction but brought with him his sturdy Scotch character and 
determination become successful engineer. His long professional 


career and the direction and execution many important enterprises 
prove that was right the selection his life work. 
1853 made surveys for proposed ship-canal around Niagara, 
and 1854 was engaged the construction the water-works 
Bridgeport, Conn., and also upon the Brooklyn Water-Works with der 
the late John Kirkwood, Past-President, Am. Soc. During 
1855 and 1858, was the West, where located and built the 
Iowa portion the Chicago and North Western Railroad and much 
other railroad work. 1858 returned the Brooklyn Water- 
Works, and was also engaged upon the Staten Island Railroad. exp 
1859 entered the service the Erie Railway, and was the Chief 
Engineer that company for many years. had entire charge 
the construction the Bergen tunnel, the first the great double- 
track tunnels through the high rock formation New Jersey imme- pan 
diately west the Hudson River. This was work great magni- 
tude and was conducted with energy and skill. brought the Erie 
lines tide-water directly opposite the City New York. 1868, sey 
under the direction Mr. Houston, the tunnel was arched with brick. 
This was done without interrupting the free passage trains during 
the prosecution the work. described Mr. Houston, one 
the early papers the Society, No. VIII, read him October 7th, 
1868, and published the first volume Transactions. 
Mr. Houston, the Chief Engineer the Erie Company, had 
charge the extensive improvements made Long Dock the New 
Jersey side the Hudson River, including also the Pavonia and the 
New York City ferry slips and bridges. built the Newburgh branch 
the Erie Railway located the Wallkill Valley Railway, and was 
charge all the engineering works connected with the operation, 
maintenance and extension this great trunk line. left the Erie 
road 1870, and, 1871, went Peru Chief Engineer the Cerro 
Pasco Railway. was South America most the time until 
1875, having charge also the Mejillones and Caracoba Railway and pec 
other works Bolivia and Peru. 
During this period crossed the Isthmus Panama eight times. 
His health was much impaired and returned the United States. 
1880 went Venezuela Chief Engineer the projected rail- 
way from Guayra Caracas. The preliminary examinations, the 
surveys, the location and construction that remarkable road were 
all under his immediate personal direction. That direction was, city 


under the circumstances, one much detail, because all his assist- 
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ants were natives the country and without experience railroad 
engineering. The location was bold, and the difficulties sur- 
mounted were peculiar. finished the work 1883, and the road 
has been constantly and successfully operated since that time. 
also had charge the location and construction the Puerto Cabello 
and Valentia Railway Venezuela, and also similar work 
Ecuador. 

returned the United States after the completion these 
works, but was always delicate health and not able thereafter un- 
dertake the active direction large enterprises. was frequently 
called upon act Consulting Engineer, and was member 
various boards and commissions. 

Mr. Houston was actively and effectively engaged important and 
successful engineering works from his youth until time when the 
exposures incident the climates where much that work was done 
unfitted him for active service. was always devoted his profes- 
sion, was most earnest and conscientious executive, and his aid and 


advice were very highly valued the officials the various com- 


panies with which was connected. railway constructions are 
marked achievements engineering. 

Mr. Houston married and survived Isabella Atkinson Dor- 
sey, great grand-daughter Colonel Thomas Atkinson, the Army 
the Revolution. 

was elected Member the American Society Civil Engi- 
neers, May 6th, 1868, and was strongly attached the Society. 


SILVANUS MILLER, Jr., Am. Soc. E.* 


Diep 1897. 


the death Silvanus Miller, Jr., the American Society Civil 
Engineers lost able member, and one who had made enviable 
reputation Centrai and South America. Central America, es- 
pecially, was probably the best known all the American engi- 
neers who have helped the building railways and other public 
works that country. 

Mr. Miller was born the day March, 1851, New Haven, 
Conn., his father, Silvanus Miller, New York City, being railway 
contractor that time. His grandfather, Silvanus Miller, also 


New York, was for twenty years Judge the Supreme Court that 
city. 
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1868 received his first appointment through cousin, Mr. 
Davidson, that time Chief Engineer the New Haven and 
Derby Railroad. 

From 1871 1873 worked for General Nanne Costa Rica, 
charge locating party, making surveys for the Costa Rica Rail- 
road, from Port Limon the interior. 

1873 was employed Henry Keith for the survey the 
railroad between Leon and Corinto Bay, Nicaragua. 

the spring 1877 was appointed General Manager the 
mines Salvador the President that country, 
who was their owner. 

1882 was engaged chief party thesurvey the Santa 
Ana and Sonsonate Railroad Salvador. 

the fall 1883 was applicant for the position Chief 
Engineer the Northern Railroad, Guatemala, the building 
which the government that country was contemplating. re- 
ceived the appointment and went work immediately, directing all 
the studies, surveys, etc., and having his plans accepted. 

June, 1884, was married Guatemala City young lady 
Hungarian parentage, the Baroness Marta Forckenbeck, who 
survives him. 

the spring 1885 the war broke out between Guatemala and 
Salvador (in which the President Guatemala, Don Justo Rufino 
Barrios, was killed), which suspended the railroad work. Mr. Miller 
then accepted the position Chief Engineer the American Dredg- 
ing Company, the Panama canal, where remained until the fall 
1887. This work employed what were, that time, the largest and 
most powerful dredges ever operated. 

From Panama went work his own mine, 
Guatemala, where remained until 1891. year José Maria 
Reyna Barrios (nephew Justo Rufina Barrios), the late President 
Guatemala, who was assassinated February 8th, 1898, came into 
power. once sent for Mr. Miller sign the contract for the 
construction the first section the Northern Railroad Guate- 
mala. continued the construction the railroad until was com- 
pleted the end the fifth section, distance 135 miles, the 
summer 1897. Only those who were connected with the actual 
building this road will ever appreciate the difficulties met and con- 

quered the first and second sections, covering the first miles 
from the coast, and that ever was far due the tenacious 
courage and ability Mr. Miller and the American contractors who 
assisted him. Ruin stared him the face more than once, and the 
climatic conditions were enough dishearten the bravest. The work 
had reached better climate, and would have speedily been carried 
successful conclusion, had not political troubles precluded the 
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financing the scheme. sad commentary that these, together 
with gross abuse, the part some his associates and em- 
ployees, the implicit trust placed them, should have lost 
him the financial gain had hardly earned. 

The five years’ residence the unhealthy coast, together with in- 
cessant work and worry, had undermined his health that, the 
fall 1897, was forced North, hoping that the change 
would bring benefit health. December 14th, 1897, caught 
slight cold, which little attention was paid, but after hours 
was declared dangerously ill with pneumonia, together with 
heart trouble, which died December 17th, o’clock, the 
St. Cloud Hotel, New York City. 

Among the government officials and prominent citizens Guate- 
mala his professional services, well his worth socially, were highly 
appreciated. His death deeply and universally regretted 
them his friends and employees among the Americans and other 
foreigners the country. has left reputation this and other 
republics Central America which his relatives and friends may 
well proud. 


Mr. Miller was elected Member the American Society Civil 
Engineers March 2d, 1887. 


GOUVERNEUR MORRIS, Am. Soc. 


Diep 30TH, 1897. 


Gouverneur Morris was Pottsville, Pa., November 5th, 1847. 
was great-grandson Robert Morris, the financier the Amer- 
ican Revolution, and signer the Declaration Independence. 
attended the private schools Pottsville where early developed 
predilection for civil engineering, inherited from his maternal 
grandfather, Samuel Fisher, who was one the most prominent 
pioneer engineers the anthracite coal basins Pennsylvania, where 
his two sons, Allen and Howell Fisher, also became conspicuous 
the development the coal and iron industries. 

Gouverneur Morris was graduated 1867 the Polytechnic Col- 
lege Philadelphia. 1868 began his career, Assistant 
Engineer with the Philadelphia and Reading Railroad, the Good 
Spring Extension. From 1870 1874 was Resident Engineer 
the Chesapeake and Ohio Railroad, Huntington, Va., Kanawha 
Division. During 1875 opened engineer’s office Charleston, 
Va. was appointed Mining Engineer the Cannelton 
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Coal Company. 1879 was employed Professor Leslie the 
Second Geological Survey Pennsylvania. 1880 the Northern 
Pacific Railroad Company called him exploit the Yellowstone 
Valley, and their and mineral resources. Upon his return from 
the Northwest, was appointed, 1881, Assistant Superintendent 
the Lehigh Coal and Navigation Company, resident Landsford, 
Pa., which position held until 1887, when resigned and became 
Superintending Engineer for one the principal contracting firms 
the construction the New Croton Aqueduct. 

From 1890 1892, was Chief Engineer and built the Johnson 
City and North Carolina Railroad, Tennessee. During 1893 and 
1894, was engaged mining coal and iron ore Norton and Big 
Stone Gap, Va., and from 1894 until his death was the employ 
the Philadelphia and Reading Coal and Iron Company, Detroit, Mich. 

His practical energy kept him constantly the field, hard 
work, that had little time for literary work, and, excepting the 
way reports, current and professional correspondence, never 
wrote anything keep his memory alive print; but his works are 
enduring records skilful and conscientious execution. Few engi- 
neers his day could comprehend wider horizon for industrial 
development grasp professional emergency and meet more 
quickly and adroitly than he. 

social life was universal favorite. His buoyant disposition, 
cordial manner, sound sense, ready memory and fund information, 
his bright conversation, always sparkling with the freshest news, won 
him friends and admirers wherever went. 

Kindly and generous fault, always ready bear hand, 
help friend assist the needy, the recollections those who had 
the good fortune know him, embalm the many sterling qualities 
which possessed. 

Mr. Morris leaves widow, who great granddaughter 
George Walton, Georgia (also one the signers the Declaration 
Independence), and one son. 


was elected Member the American Society Civil Engineers 
October 3d, 1888. 


EDWIN GREEN NOURSE, Am. Soe. E.* 


1897. 


Edwin Green Nourse was born Peoria, February 13th, 1849. 
His father was Horatio Nourse. early life came with the 
family Moline, where attended the public schools. was 

Memoir prepared Charles Loweth, Am. Soc. E.. 
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Griswold College, Davenport, Ia., for about two years, 
from 1869 1871, taking special course mathematics and scien- 
tific branches. 

His employment was assistant under the United States 
Engineers engaged the improvement the channel the Missis- 
sippi the Rock Island Rapids. the autumn 1872 became 
associated with the Government engineers engaged the improve- 
ment the Illinois River the Copperas Creek dam. Soon after this 
was employed the Chicago, Milwaukee and St. Paul Railroad 
the construction its northwestern extension, and remained this 
work several years. Upon its completion was placed charge the 
line from Marion, Ia., Council Bluffs. Some time later was Chief 
engineer the Chicago and Fvanston Railroad, charged with procuring 
right way, and the work construction through Chicago. Later 
was connected with the department maintenance way the Santa 
Railroad its entrance into Chicago, and was engaged the city 
construction that line. 1891-93 was engineer construction 
the terminal station the Fair, Chicago, and after the 
completion this work, during the Fair and afterward, was superin- 
tendent. then entered into business partnership Chicago, his 
firm being engaged general contracting. Subsequently went 
Winona, Minn., where had previously spent some time and where 
had friends. went Moline about October, 1897, intending 
plat and improve tract city property there. About month later 
became assistant engineer the Davenport and Rock Island 
Bridge Railway and Terminal Company, and had been work for this 
company about two months when was killed being struck the 
head the falling mast derrick, Rock Island, the 
morning December 8th, 1897. 

Mr. Nourse was married Winona, January 21st, 1897. leaves 
widow and aged father, but other near relatives. 

Mr. Nourse was prominent mason. was member Blue 
Lodge and Chapter Winona, and Commandery and Consistory 
Chicago. His funeral, held Moline, Friday, December 10th, 1897, 
was conducted the Masons that city. Six civil engineers, mem- 
bers this Society, acted honorary pall bearers. The pall bearers, 
fact, being old friends his boyhood. 

Mr. Nourse left unstained record engineer thorough 
education and man the highest personal honor, 
and gentleman most agreeable quality. Mr. Nourse was elected 


member the American Society Civil Engineers September 
1884. 
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FRANCIS ENSOR PRENDERGAST, Am. E.* 


1897. 


Francis Ensor Prendergast, was born Dublin, Ireland, October 
28th, 1841. was the only son John Prendergast, Barrister, 
Dublin, author the Settlement Ireland,” and 
other Irish historical notes. came old family that can 
traced back ancestor who came over England with the 
Normans the time the Conquest, but was too modest ever 
refer this himself, thinking that American citizen all pride 
ancestry should buried; the family has, however, fact, held high 
social position for centuries. was graduated Arts and from the 
School Engineering the University Dublin 1863. After 
graduating from college traveled quite extensively Germany, 
France, Switzerland and Italy, and, owing his keen observation and 
judgment, his travels were very profitable him his professional 
career. 

1864 commenced his engineering practice, after the English 
fashion, apprentice, being articled the engineer charge 
the Coalbrookdale Railway and Craven Arms Extension Railway, 
Shropshire, England. 1865 was Assistant Engineer the City 
Glasgow Union Railway, Scotland, and 1867 Division Engineer 
Construction. 

first came this country November, 1868, and brought let- 
ters introduction some the best people Boston and New 
York. accepted Locating Engineer the Burlington 
and Missouri River Railroad Iowa. 1870 was engaged the 
preliminary surveys the Oregon Central Railroad from Astoria 
Portland; 1871, Engineer charge construction the Oregon 
and California Railroad, between Harrisburg and Pass Creek, miles; 
1872, Locating Engineer the Oregon Central Railroad, from Forest 
Grove Junction City, 100 miles. 1873 was Resident Engineer 
the construction the Chicago and Northern Pacific Air Line Rail- 
road, from Geneva Lake Jefferson, Wis., miles; 1875, Chief 
Assistant Engineer the Chicago and North Eastern Railroad, from 
Flint Lansing, Mich. 1877 was engaged surveys for monu- 
menting the City Omaha. 1878-79 was Locating and Resident 
Engineer the construction the Republican Valley Railroad, 
Nebraska. 

1881-82 was Assistant Engineer the New York and New 
England Railroad; 1884, Locating and Constructing Engineer the 


Memoir prepared David Cunningham and Savage, Members, Am. Soc. 
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Mahopac Falls Railroad, 1885-86 was engaged the 
Chicago, Burlington and Northern Railroad, resident engineer 
the Galena River Drawbridge, and from East Dubuque Glen Haven, 
Wis., miles. 1887 was Locating Engineer Iowa for the same 
railroad. 

was Assistant Engineer with the New York and New England 
Railroad, 1887 and until August, 1888, when went Sault Ste. 
Marie Resident Engineer for the St. Mary’s Falls Water Power Com- 
pany, remaining until November, 1889, when work was stopped for 
lack funds. 

the winter 1889 accepted situation with the San Diego 
Land and Town Company Horticultural Superintendent, which 
capacity developed the pioneer details soil preparation, selection 
trees, contour arrangement, setting out and care for the first citrus 
groves any magnitude San Diego County, this field, 
all other work undertaken him, his natural ability and fore- 
sight has been highly exemplified; the pioneer methods introduced 
him that time are the universal practice and the most successful 
present. 

Failing health necessitated change residence, and 1893 
resigned his position and moved Redlands, Cal., where resided 
until his death, his time being taken with the care his extensive 
citrus groves. 

Mr. Prendergast was very attractive writer, and found time from 
his exacting duties frequent writer for the press, contributing 
valuable technical papers the engineering and literary magazines. 
His work the details Railway Construction, published serially 
the Railroad well known and highly appreciated. 
was also correspondent Dublin and Belfast, Ireland, newspapers, 
and contributed three very excellent articles for Magazine, 
Railroads Mexico,” July, 1881; Canadian Pacific Rail- 
road and the New Northwest,” August, 1882, and Transcontinental 
Railways,” November, 1883. 

was very careful and accurate all his work, and his judgment, 
all matters that came under his investigation, was the best. 
never gave opinion that was not carefully considered, and his state- 
ments were generally correct; was, therefore, excellent adviser. 
was respected and beloved all who knew him for his genial 
manner and sterling integrity. was modest and unassuming, and but 
for his retiring disposition might have risen greater distinction. 

Mr. Prendergast married Mary Childs, Henniker, H., 
August 20th, 1873, and leaves his widow and seven children. five boys 
and two girls. 


was elected Member the American Society Civil Engi- 
neers, March 7th, 1888. 
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EDWARD CURTIS RICE, Am. Soe. E.* 


1898. 


Edward Curtis Rice, son Martin and Betsey (Gibbs) Rice, was 
born July 9th, 1829, Framingham, Mass. was educated the 
public schools his native town, attending the Framingham 
Academy under Marshall Conant, man more than ordinary gifts 
mathematics, and the Saxonville Academy under the Rev. Mr. 
Bagnall. From both these teachers received valuable instruc- 
tion preparatory the profession civil engineer, working through 
the Calculus nineteen years age, under Mr. Bagnall. after- 
ward attended Thetford Academy and there pursued studies fitting 
him for his life work. 

1847 Mr. Rice was Assistant Marshall Conant, Civil Engineer, 
the Boston and Cochituate Water-Works under Mr. Chesbrough, 
Engineer-in-Chief. After the Boston Water-Works were finished, 
continued work and study with Mr. Conant, working railroads 
New Hampshire and Massachusetts. 

1851 removed Dubuque, Ia., and was associated with 
Sereno Dwight Eaton, Civil Engineer. Since that time had been 
engaged the location and construction railroads, among which 
are the following: Assistant Engineer: the Mississippi and At- 
lanta Railroad, the Hannibal and St. Joseph Railroad, and the Keokuk 
and Des Moines Railroad. Chief Engineer the Ohio and Missis- 
sippi Railroad, the Cairo and Vincennes Railroad, the Louisville, 
Evansville and St. Louis Railroad, the Paduca, St. Louisand Chicago 
Railroad, and the St. Louis, Vandalia and Terre Haute Railroad. 

had Assistant late years his nephew, Edward Rice. 

Early his engineering work prepared and published work 
called Tables for Excavation and Embankment.” 

the late Civil War served Engineer the staff General 
Humphreys, 5th Corps the Army the Potomac, and 
General Mead’s staff until November, 1863. was recommended 
General Humphreys Charles Sumner. 

Mr. Rice had lived St. Louis for nearly thirty years, highly re- 
spected all pure and upright man, standing high his pro- 
fession, and model husband and father. died April 
1898, Bright’s disease, and was buried Bellefontaine Cemetery 
St. Louis, Mo. 

Mr. Rice was elected Member the American Society Civil 
Engineers April 7th, 1875. 


*Memoir prepared George Rice, Esq. 
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WILLIAM NOYES TAINTOR, Jun. Am. E.* 
1898. 


William Noyes Taintor was born New York City, May 8th, 1870, 
where spent all his early life. was the son Mr. and Mrs. 
Henry Taintor, New York City. was educated the 
Brooklyn Polytechnic Institute and private schoolsin New York, and 
the Columbia College School Mines, from which was graduated 
1894. During the summer 1895 was Instructor surveying, 
the Columbia College Summer Schools Litchfield, Conn. 

January, 1896, Mr. Taintor received the second highest general 
average for the rank Leveler, the Civil Service Examinations Al- 
bany, for service the State canals, and was appointed the first 
section the Oswego Canal, where was engaged preliminary 
surveys and estimates. June was given charge the party 
which completed the estimates quantities and prepared the plans: 
for the improvement that part the December, 
1897, Mr. Taintor was assigned Engineer Charge the construc- 
tion the Canaserega culvert the Erie Canal, where remained 
until the following May. September, 1897, after having passed the 
Civil Service examinations for higher office, was appointed Assist- 
ant Engineer the canal improvement work and assigned Engineer 
charge contract No. 21, miles length, the vicinity 
Oneida, While engaged upon this work contracted heavy 
cold which resulted pleuro-pneumonia, ending after brief sickness 
two weeks his untimely death the age twenty-seven years 

and eleven months. was member the Alpha Delta Phi fratern- 
ity. 

Mr. Taintor was deeply interested his work the canals, and 
enjoyed the universal respect his associates. had the 
his superior officers and his mates. His favorite study was hy- 
draulics and sanitary engineering, and found time devote 
study these subjects, even while burdened with the active. 
duties his position. Tall and commanding stature, his asso- 

ciates and friends found his heart and loyalty even larger than his: 
frame would promise. 


Mr. Taintor was elected Junior the American Society Civil 
Engineers September 3d, 1895. 
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MINUTES MEETINGS. 


THIRTIETH ANNUAL CONVENTION, HELD 
MICH., JULY 26th, 27th, 28th AND 2oth, 


First Session, Tuesday, July 26th, 1898.—The Society was called 
order 10.35 the auditorium the Fellowcraft Club. 

The members were welcomed, behalf the Mayor the City 
which President Alphonse Fteley replied, Mr. Fteley delivered the 
annual address the President.* 

The Secretary read letters from the Board Governors the 
Country Club, and the Board Directors the Detroit Club, extend- 
ing the members the privileges their respective houses for the 
week commencing July 24th, 1898. 

The Secretary also read letter.from the Board Water Com- 
missioners Detroit inviting the members visit and inspect the 
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water-works and park; joint invitation from the Detroit Electric 
Railway Company, the Detroit Citizens’ Street Railway Company and 
the Fort Wayne and Belle Isle Railway Company the members 
visit and inspect their Power House; also letter from the President 
the Public Lighting Commission Detroit, inviting the members 
inspect the public lighting system the city. 

The Secretary made several announcements relative changes 
the programme, after which the preliminary Business Meeting was 
convened. 


Second Session, Tuesday, July 26th, 1898.—The meeting was 
called order 14.20 o’clock, President Alphonse Fteley the 
chair; Charles Warren Hunt, Secretary. 

paper Charles Marx. Am. Soc. E.; Charles Wing, 
Assoc. Am. Soc. E., and Leander Hoskins, E., entitled 
the Flow Water the Six-Foot Steel and Wood 
Pipe Line the Pioneer Electric Power Company, Ogden, 
was presented, abstract, Mr. Goldmark. Correspondence 
the subject from Messrs. Henny, Edmund Weston, 
Noble and Conte was presented the Secretary. The paper 
was discussed orally Messrs. Emil Kuichling, Gardner Will- 
iams, John Trautwine, Jr., and Henry Goldmark. 

The Secretary made several announcements relative the meetings 
members from the several districts for the purposes the Nomi- 
nating Committee. 


Adjourned. 


Third Session, Wednesday, July 27th, 1898.—The meeting was 
called order President Alphonse Fteley the 
chair; Charles Warren Hunt, Secretary. 

The Secretary read letter from the Detroit Bridge and Iron 
Works, inviting the members inspect their shops. 

The Secretary announced that tickets for the Belle Isle steamers, 
the Belle Isle Park phaetons and for the street car lines the Detroit 
Electric Railway had been provided for the use members and 
guests that invitation had been received visit the 
Shipyard the Detroit Dry Dock Company, and that invitations 
the reception held Friday evening the Detroit Club could 
obtained the Secretary’s office. 

The President announced that there would meeting the 
Board Direction Wednesday 20.30 o’clock, Room No. 
the Russell House. 

paper Herbert Stoné, Am. Soc. E., entitled 
Determination the Safe Working Stress for Railway Bridges 
Wrought Iron and Steel,” was read title. The Secretary pre- 
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sented correspondence the subject from Messrs. Henry 
Prichard, Moncrieff, Thurston, James Bell, William 
Cain and Waddell. 

paper Charles Snow, Am. Soc. E., entitled Marine 
Wood Borers,” was presented, abstract, the Secretary, who also 
read correspondence the subject Messrs. Theodore Belzner, 
Francis Collingwood and Conte. The paper was discussed 
orally Messrs. Robert Moore, Harrod, Henry Manley, 
Crosby and Berg. 

paper Ockerson, Am. Soc. E., entitled Dredges 
and Dredging the Mississippi River,” was read title. The Sec- 
retary presented correspondence the subject Mr. 
Mitchell. The paper was discussed Messrs. Harrod, 
Haupt, Crosby and Edward Flad. 

paper entitled ‘‘Reservoir System the Great Lakes the St. 
Lawrence Basin; Its Relation the Problem Improving the Navi- 
gation These Bodies Water and Their Connecting 
Mathematical Analysis the Influence Reservoirs upon Stream 
Flow,” Mr. James Seddon, was presented, abstract, Mr. 
Seddon. Correspondence from Mr. Thomas Roberts 
was presented the Secretary. The paper was discussed orally 


Messrs. Johnson, George Wisner, George Rafter and 


Adjourned. 


Fourth Session, Friday, July 1898.—The meeting was 
called order 9.55 o’clock, President Alphonse Fteley the 
chair; Charles Warren Hunt, Secretary. 

paper David Molitor, Am. Soc. E., entitled Three- 
Hinged Masonry Arches; Long Spans Especially Considered,” was 
read title. The paper was discussed orally Messrs. Henry 
Goldmark, Walter Berg and Johnson. 

The following resolutions were passed: 


Resolved. That the members the American Society Civil Engi- 
neers attending the Thirtieth Annual Convention express their high 
appreciation the courtesies extended the Grand Trunk Railway 
Company turnishing complimentary train and affording op- 
portunity inspect their great engineering work, the St. Clair 
Tunnel; the courtesies extended and the hearty co-operation the 
Detroit, Grand Haven Western Railway Company and its respected 
chief engineer; the courtesies and free transportation tendered the 
Hamilton Dayton Railway Company, the Flint Pére 
Marquette Railway Company and the Michigan Central Railway Com- 
pany; the courtesies extended the Crosby Transportation Com- 
pany, the Detroit Cleveland Steam Navigation Company and the 
Star-Cole Steamship Company; the courtesies and enjoyable trip ten- 
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dered the Detroit Citizens’ Street Railway Company and the Detroit, 
Belle Isle and Windsor Ferry Company; the hospitalities tendered 
the Club, the Detroit Club, the Country Club and the 
Rushmere Club; the courtesies extended the Detroit Park Com- 
mission, the Detroit Board Water Commissioners, the Detroit Public 
Lighting Commission, the Detroit Bridge Iron Works, the Detroit 
Dry Dock Company, the Detroit Steel Spring Works, the Michigan 
Stove Works Company, the Riverside Iron Works, the Russell Wheel 
and Foundry Company, Buhl, Sons Co., the Fletcher Hardware 
Jompany and the Michigan-Peninsular Car Company. 

Resolved, That the American Society Civil Engineers extends 
hearty thanks management the Lehigh Valley Railroad Com- 
pany, Mr. Charles Webster, Chief Engineer, and Mr. Walter 
Berg, Principal Assistant Engineer, for the special train and free 
transportation given its members and guests the occasion the 
Thirtieth Annual Convention. 

Resolved, That the American Society Civil Engineers tenders its 
thanks the Wabash Railroad Company and Mr. Joseph Ramsey, 
Jr., its Vice-President and General Manager, for their generous action 
extending the members the Society, the occasion the 
Thirtieth Annual Convention, the freedom the Wabash Railroad 
Company. 

Resolved, That the thanks the American Society Civil Engi- 
neers are due His Honor, the Mayor Detroit, the Local Com- 
mittee Arrangements and the members the Detroit Engineering 
Society for the perfection the plans for the comfortand convenience 
the members the Society and its guests attendance this 
Thirtieth Annual Convention. 

Resolved, That the American Society Civil Engineers tenders its 
thanks the Terminal Railroad Association St. Louis for its kind- 
ness furnishing free transportation the members the Society 
the occasion its Thirtieth Annual Convention. 

Resolved, That the thanks the American Society Civil Engineers 
tendered the ladies and gentlemen Detroit for their courtesies 
the ladies attendance the Convention. 


Adjourned. 


BUSINESS 


First Session, Tuesday, July 26th, 1898.—The Preliminary Busi- 
ness Meeting was convened the close the First Convention Ses- 
sion. President Alphonse Fteley the chair; Charles Warren 
Hunt, Secretary. 


The President appointed provisional Chairman from each the 
seven geographical districts into which the membership divided for 
the purposes the Nominating Committee (Art. VII, Sec. the 
Constitution). 


After discussion was decided discuss the proposed amend- 
ments the Constitution the session held Wednesday, 
June 27th, 14.30 o’clock. 


For full report see 114. 
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Second Session, Wednesday, July 27th, 1898.—The meeting was 


called order 14.35 o’clock, President Alphonse Fteley the 
chair, Charles Warren Hunt, Secretary. 


Nominations were received for members the Nominating Com- 
mittee from each the seven geographical districts, and the follow- 
ing were elected members the Committee for two years: 

District No. Henry Prout; District No. John Ellis; 
District No. Emil Kuichling; District No. Lewis Haupt; 
trict No. Ira Baker; District No. Eayrs; District No. 
Andrew Rosewater. 


The Secretary presented summary the answers received 
respect the time and place holding the next Annual Convention,* 
and, after discussion, motion, duly seconded, the matter was re- 
ferred the Board Direction, with power. was also voted 
the sense this meeting that the next Annual Convention 


held place where the whole membership can accommodated 
one 


The following proposed amendments the Constitution having 
been received and sent the Corporate Membership, accordance 
with Article IX, Section the Constitution, were taken up: 


Amend Article follows 
out the seventh and eighth lines this section, viz. 


The and books the Society shall ecamined annually 

4....In the third line, and after the word Section,” sub- 
stitute for 

Strike out the words Board Direction” line twenty, 
and substitute therefor the words Finance and 
immediately following insert new clause follows: 

shall have charge the books account the Society, and 
shall furnish monthly the Board Direction statement receipts 
and expenses under their several headings, and also statement 
monthly balances. shall present annually, Board Direction, 
balance sheet his books, the 31st December, and shall furnish 

time time, such other statements may required him.” 
SEcTION 6...... Strike out this entire Section. 
7......Change the number this Section 
8......Change the number this Section 
9......Strike out the whole this Section and substitute the 
following: 

8.—The Finance Committee shall have immediate supervision the 
affairs the Society shall employ expert accountant 
audit the accounts approve all bills before payment, and 

See 121. 
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shall make recommendations the Board Direction the 
ment moneys, and other financial 


10......Change the number this Section 
11......Change the number this Section 10. 
12......Change the number this Section 11. 
13......Change the number this Section 12. 


The amendments proposed were adopted the meeting.* 


The Secretary read the report the Board Direction the 
proposed appointment Committee Rail Joints for Standard 
Steam After discussion was moved, seconded and carried 
the question appointing Special Committee Rail Joints for 
Standard Steam Railroads. 


The Secretary read the report the Board Direction the pro- 
posed appointment Committee Paints Used for Structural 
Work After discussion was moved, seconded and 
carried two-thirds vote that ballot not issued the ques- 
tion appointing Special Committee Paints Used for Structural 
Work Engineering. 


The Secretary made several announcements. 


Adjourned. 
THE SOCIETY. 
September 7th, 1898.—The meeting was called order 20.45 
o’clock, Vice-President Edward North the chair; Charles Warren 
Hunt, Secretary, and present, also, members and guests. 


The minutes the meetings the Annual Convention were ap- 
proved. 


The subject for the evening was, The Relation Tensile Strength 
Composition Structural Steel.”3 The discussion was opened 
Mr. William Webster, and correspondence the subject from 
Messrs. Campbell, William Metcalf and Cunningham was 
presented the Secretary. 


Ballots were canvassed and the following candidates declared 
elected: 
MEMBERS. 


Morton Lewis Logansport, Ind. 


Under Art. Sec. the Constitution, the proposed amendments are voted 
for letter-ballot submitted. 
See 135. 
See 145. 
See paper Cunningham, Am. Soc. E., Transactions, Vol. xxxviii, 
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MEMBERS. 


South Boston, Mass. 
Carter, Cleveland, 


The Secretary announced the election the Board Direction 
September 6th, 1898, the following candidates: 


ASSOCIATE. 


JUNIORS. 


Warp New York City. 

New York City. 
Bryan New York City. 


The Secretary announced the death the following members: 
Harrison, elected Fellow, January 30th, 1873; died June 
6th, 1898. Past President, elected Member, February 
15th, 1871; died June 20th, 1898. elected Mem- 
ber, February 6th, 1878; died June 25th, 1898. Sosa, 
elected Member, December 3d, 1884; died July 4th, 1898. 
cisco elected Member, May 15th, 1872; died July 
1898. Curtis elected Member, July 2d, 1895; 
died July 7th, 1898. elected Mem- 
ber, April 4th, 1883; died August 2d, 1898. Sir 
elected Member, December 2d, 1868; died August 24th, 1898. 


Adjourned. 


September aist, 1898.—The meeting was called order 20.30 
o’clock, Vice-President Edward North the chair; Chas. Warren 
Hunt, Secretary, and present, also, members and guests. 


informal discussion the subject Road Building was 
introduced the reading letter the Secretary from McC. 
Leutzé, Am. E., regard the road now being built 
State aid between Schenectady and Troy. The subject was further 
discussed Messrs. James Owen, McClintock, Henry Budd, 


McLaughlin. 


resolution was passed that the remarks made published 
Proceedings, and that the subject set down for further discussion 
later meeting. 


Adjourned 23.15 o’clock. 
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THE BOARD DIRECTION. 
(Abstract. 


July 27th, Board met, required the Constitu- 
tion (Article VIII, Section the Russell House, Detroit, Mich., 
20.42 o’clock, President Alphonse Fteley the chair, Chas. Warren 
Hunt, Secretary, and present also Messrs. Crosby, Deyo, Harrod, 
Manley, Morison, Owen, Stearns and Wisner. 

The report the Auditor was received, Committee report 
the time and place for holding the Annual Convention 1899 
authorized, and other routine business transacted. 


Adjourned. 


September 6th, 1898.—Vice-President North the chair; Chas. 
Warren Hunt, Secretary, and present, also, Messrs. Hering, Owen 
and Thomson. 

The resignation Joseph Wood Wagner, Jun. Am. Soc. E., 
was received and accepted. 

vote thanks Samuel Rea, Am. E., was unani- 
mously adopted for his gift the Society steel engravings Sir 
Isambard Brunel, Joseph Locke and Rendell. 

One candidate for Associate and four for Junior were elected 
(see page 113). 

Applications were considered and other routine business trans- 
acted. 


Adjourned. 


REPORT FULL THE BUSINESS MEETING HELD DURING 
THE ANNUAL CONVENTION DETROIT, MICH., 
JULY 26th AND 27th, 


Meeting First Session, Tuesday, July 26th, 1898.—The preliminary Busi- 

Meeting was convened the close the first Convention session. 
President Alphonse Fteley the chair; Charles Warren Hunt, Secre- 
tary. 

The next business before the Convention the 
appointment the Chair Chairmen who will gather around them 
the members present from each the various geographical districts 
and nominate members the Nominating Committee. The Secretary 
will explain few words the tenor the Constitution regard 
this matter. 

The the Constitution the Society divided 
into seven geographical districts from each which member 
the Nominating Committee elected. During the last year 
the Society has been re-districted, and changes have been made 
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some the districts. seems me, Mr. President, that the Appointment 


easiest way would read the districts they are now constituted 


and each one here will certainly then know what district be- 
longs. 

The was going suggest that would better 
read each district separately. Now, will take No. Read that 
please. 

The No. the territory within fifty miles 
the Post Office the City New York. 

The —The Chair will appoint Mr. David Stauffer, 
New York, Chairman for District Mr. Stauffer will 
kind enough see the members District No. and will 
choice one member the Nominating Committee the meeting 
o’clock Wednesday, July 27th. Mr. Secretary, will you please 
read the States included District No. 

The States Maine, New Hampshire, Vermont, 
Massachusetts, Rhode Island and Connecticut, except included 
District No. and all countries Europe. 

The Dexter Brackett, Boston, will please act 
Chairman for District No. No. you please. 

The No. embraces the States New York 
and New Jersey, except included District No. and the 
Dominion Canada. 

The —The Chair does not know exactly who are present 
the members from that district and would like hear suggestion 
from some the members from that district whom they would 
like have act Chairman. The Chair will look the list up. 
Have you list the members present? 

The sir. 

The possible that the State New Jersey not 
represented 

Jr., Assoc. Am. Soc. E.—May Associate 
from another district make suggestion? 

The sir. 

Mr. would suggest Mr. Oberlin Smith, Bridgeton, 
New Jersey. 

The Mr. Oberlin Smith present? 

The Chair will name Mr. Oberlin Smith Chair- 
main District No. District No. Mr. Secretary? 

The States Pennsylvania, Delaware and Mary- 
land and the District Columbia. 

The believe Mr. Haupt present. any 
The here. 


rovisional 
hairmen. 


intment 
visional 
Chairmen. 
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for the reason that shall have leave the city to-morrow. thank 
you for the honor. 


The would ask you suggest some one who would 
worthy colleague. 


Mr. would suggest associate, Mr. Trautwine, 
Philadelphia. 

Mr. have not the honor Corporate Member 
the Society. 

Past- President, Am. Soc. E.—Is. there any 
reason why the Chairman should Corporate Member? seems 

The function that has performed view 
election. seems me—at any rate the Chair will have 
rule—that the Chairman ought Corporate Member, Mr. 
Trautwine, you made good suggestion before for another District 
that you might make one for this district. 

Mr. are bound get into politics, Mr. Presi- 
dent. would suggest Mr. Bonzano. 

The Chair would very happy indeed name 
Mr. Bonzano Chairman the Fourth District. District No. 

The No. composed the States Ohio, 
Indiana, Michigan, Wisconsin, Iowa and Minnesota. 

would suggest Mr. Alfred Noble Chicago. 

The —Is Mr. Alfred Noble present? 

Yes. 

The Chair will name Mr. Alfred Noble the 
Chairman for District No. 

District No. 

The No. the States Virginia, West 
Virginia, North Carolina, South Carolina, Georgia, Florida, Kentucky, 
Tennessee, Alabama, Mississippi, Missouri, Arkansas and Louisiana, 
The West India and all countries South America. 

The Chair will name Major Richardson, New 
Orleans, the Chairman District No. 

District No. 

The No. 7—the States North Dakota, 
South Dakota, Nebraska, Kansas, Texas, Montana, Wyoming, Colo- 
rado, Idaho, Utah, Washington, Oregon, California and Nevada. The 
following territories Indian Territory, Oklahoma, New Mexico, Ari- 
zona and Alaska, the Republic Mexico and all countries Central 
America, Asia, Australasia and Africa. 

The you know anybody 
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The Chair will ask Prof. Marvin Chairman 
for District No. These various Chairmen, said before, are 
expected report Wednesday o’clock, and the meantime 
will see their constituents. 

Mr. Morison.—Mr. President, very simple matter have 
map prepared which will show just where these districts are. map 
can taken and colored with crayon few minutes, and would 
like request that such map, for convenience, made and posted 
the office where can seen members, and that done 
time for members consider this afternoon. 

the Mercatorial projection 

The doubt whether can made ready for this 
afternoon. 

Mr. not think will take over ten minutes pre- 
pare it. 

The next business before the Convention, gentlemen, the amend- 


Proposed 


ments the Constitution, which have been presented the proper 


manner and now come before you for consideration. believe 
would well for the meeting, many members which may have 
forgotten that matter, have member the Board Direction 
who has looked into the matter quite carefully, and who has signed 
the request for the and say few words what the 
amendments mean. seems that that would make discussion 
afterwards very much more clear. 

Mr. President, before any action taken -on this 
want rise point order. The programme printed provides 
for business meeting Wednesday afternoon. The programme 
printed states that the proposed amendments the Constitution will 
considered that time. want protest against their being con- 
sidered before that time. not think the matter ought taken 
that will considered subsequently. 

The Chair would merely say that opposite the 
Now, the question whether that preliminary business meeting 
cannot embrace all sorts subjects. will have consult the meet- 
ing regard that. Will you make motion regard this, Mr. 
Morison 

Mr. objection that make that when anything 
has been announced for particular time not right consider 
ata previous time. This very important amendment. shall 
have something say myself, and think that probably others 
will, and bring before the Society day before the time the 
notice has been given that will presented think absolutely 
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and the Chair decides that now proper time bring 
this before the meeting, shall appeal from the decision the Chair. 


not think the motion order. 
The Chair believes that inasmuch the prelim- 
inary Business Meeting indicated for Tuesday, there would 
harm beginning this discussion. that the time now 
advancing and not much this discussion can attended this 


meeting, that the most will take place Wednesday, and the 

Chair would rule that proper begin the discussion now. 
Mr. President, appeal from the decision the 

Chair. 
second the appeal. 
The you have heard the appeal against 

the decision the Chair. Those favor the appeal please say aye. 
Mr. vote taken think should again state 

reasons for making the appeal. think always wrong take 


any course which may, carried out, lead vote discussion 
time when general notice indicating that not come has 


been given. has been stated here the order exercises, the 
Convention programme printed, that there Business Meet- 
ing that that time members the Nominating 


Committee will elected, the time and place for holding the Annual 
Convention and the proposed amendment the Constitution and the 
appointment special committees will considered, and that the 
time given for the consideration the amendments the Constitu- 
tion. These amendments the Constitution are matter which 
ought taken only with full notice and with proper considera- 

tion, and bring them before the meeting now, day earlier than 

noticed, not think right. This the ground 

which make this appeal. 


The said before, gentlemen, you heard the 
appeal from the decision the Chair. Those favor the appeal 
will please say aye; those against the appeal please say no. 
understood that those who are favor appealing from the decision 


the Chair, that is, stopping the discussion the amendments 
the present time, should say aye. Inasmuch impossible 
say who had it, will ask those favor the appeal rise. 

(Sixty-three members rose. 

The against the appeal please stand up. 

(Forty members rose.) 

The are for the appeal and against it. 
Consequently the appeal sustained, and the consideration this 
matter will come to-morrow before the Society. 

Mr. Secretary, have you got any other business matter that 
before now for to-day 
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The not that ground taken. The others 
are all put down for the other sessions. 

The being more business before the meeting 
for the present, motion adjourn will order. 
(On motion, the meeting adjourned. 


Second Session, Wednesday, July 27th.—The meeting was called 
order 14.35 o’clock. President Alphonse Fteley the chair; 
Charles Warren Hunt, Secretary. 

The meeting will please come order. Gentle- 
men, will very careful follow the exact order the pro- 
gramme; and, inasmuch the programme says that the election 
the members the Nominating Committee will the first busi- 
ness before you, will call upon the various Chairmen report 
this meeting. will call first Mr. Stauffer, the Chairman Dis- 
trict No. 

McN. Am. Soc. E.—Mr. President, would re- 
port that the name Mr. Henry Prout submitted District 
No. 

The Chairman the First District, which in- 
cludes the City New York and district miles around it, 
reports the choice the members present from that District, for 
member the Nominating Committee, Mr. Prout. His now 
before the meeting. Those favor having Mr. Prout member 
the Nominating Committee for the next two years for the First 
District will please say aye; contrary, no. (Carried.) 

Mr. Prout elected member the Nominating Committee. 

will call the chairman the Second District. 

Am. Soc. E.—In behalf the members 
the Second District, submit the Convention the name Mr. 
John Ellis. 

The name Mr. John Ellisis submitted the 
choice the Second District for member the Nominating Com- 
mittee. Those favor Mr. Ellis please say aye; contrary, no. 
(Carried.) Mr. Ellis elected. 

District No. 

Am. Soc. E.—In behalf the members 
District No. submit the name Mr. Emil Kuichling, Rochester, 
our nominee. 

The Chairman District No. submits the 
choice his district the name Mr. Emil Kuichling the selected 
member the Nominating Committee. Those favor the election 
Mr. Kuichling please say aye; contrary, no. (Carried.) Mr. 
Kuichling elected member the Nominating Committee. 
District No. Chairman, Mr. Bonzano, believe, 


Meeting called 
order. 


Election 
Members 
Nominating 
Committee. 
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Bonzano, Am. Soc. E.—District No. recommends Mr. 
Lewis Haupt the member the Nominating Committee. 

The choice District No. 4is Mr. Lewis Haupt. 
Those favor Mr. Haupt member the Nominating Committee 
will please say aye; contrary, no. (Carried.) Mr. Haupt duly 
elected member the Nominating Committee for the Fourth District. 

District No. 

authorized the Chairman and members present 
from the Fifth District present the name Mr. Ira Baker, 
Champaign, the member the Nominating Committee. 

The Ira Baker supported the choice the 
Fifth District member the Nominating Committee. Those 
favor Mr. Baker please say aye; contrary, no. (Carried.) Mr. 
Baker elected. 

District No. 

Henry Am. Soc. E.—The Sixth District pre- 
sents the name Mr. Eayrs, St. Louis. 

The Eayrs recommended the choice 
the Sixth District. Those favor him please say aye; contrary, 
no. (Carried.) Mr. Eayrs elected. 

District No. 

Am. Soc. E.—Mr. President, being the only 
member District No. respond own call, feel somewhat 
diffident presenting name, and yet would suggest the Conven- 
vention the name Mr. Andrew Rosewater, Omaha, Neb. 

The name Mr. Andrew Rosewater, Omaha, 
suggested the selection District No. Those favor Mr. 
Rosewater, please say aye; contrary, no. (Carried.) Mr. Rosewater 
elected member the Nominating Committee for District No. 

The time and place for holding the next Annual Convention the 
subject next order for discussion. 

ferred the Board Direction with power, settled their dis- 
cretion. (Seconded.) 

The moved and seconded that the matter the 
time and place for holding the next Annual Convention referred 
the Board Direction with power. 

Mr. President, believe customary report 
the Annual Convention, whenever considered, the result 
the ballot which sent out the Society express the opinion the 
Society; and while believe the usual custom refer the final 
settlement the time and place for holding the Convention, the 
Board Direction, certainly not think ought done until 
the opinion the Society has been properly considered this 
meeting. therefore hope this motion will not prevail present. 
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the motion Mr. Boller 
Mr. Morison.—I not present amendment. 
Mr. will withdraw motion for the present, Mr. 
Chairman. 
The original motion being withdrawn, will ask 
the Secretary read the returns from the membership. 
The Secretary read the report follows: 


REPQRT TIME AND PLACE FOR HOLDING ANNUAL 
CONVENTION, 1899. 


number votes for the time and place for holding the 
Annual Convention, 56. 


Divided follows: 


Saratoga, Y........ Pittsburg, Pa......... 

New Orleans, La...... Havana, 

And one for each the following locations— 

Lake George, Cottage City, Mass. 

Detroit, Mich. Minneapolis, Minn. 

Lookout Mountain, Tenn. White Mountains, 
Chattanooga, Tenn. Tampa, Fla. 

West Point, Key West, Fla. 

Lake Steamer, Buffalo City Mexico. 

Duluth and return. St. Paul, Minn. 

Honolulu, Bar Harbor, Me. 

Boston, Mass. Cincinnati, 

Halifax, Reading, Pa. 

New York City. Denver, Colo. 

vote for the time for holding the Convention varies 
follows: 

First part May..... Last part August..... 

First part June..... First part September. 

Last part June..... Last part September. 

First part July..... First part October.... 


Secretary has also received letters from the Mayors the 
Cities Niagara Falls, Y., and Chattanooga, Tenn., inviting 
the Society hold its next Annual Convention those cities also 
letter from Bonzano, Am. Soc. E., suggesting that the 
next Convention held Lookout Mountain, Tenn. 

July 23d, 1898. submitted, 

WARREN 
Secretary.” 


The present this amendment, suppose, 


Report 


Place 


next 
Convention. 
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The —Gentlemen, this very enlightening, and 
not believe that the deliberations the Society will very much 
hampered it. would only suggest that the Constitution says nothing 
about holding our convention the enemy’s country, and, inasmuch 
the overture for peace announced the Detroit papers this 
morning, not suppose would justified considering 


Havana proper place for holding the next convention. With that 
exception you are perfect liberty consider, not only the cities 
whose names have been given you, but also all parts the Union. 

Mr. Mortson.-—Mr. year ago, the Quebec Conven- 
tion, there was number gentlemen present from the South, more 
than there are now, and there was feeling among some people that 
was while since this Society had been the South. reality, 
but one convention has been held South. That was the con- 
vention New Orleans 1877. There have been several conventions 
the border. Ithink myself year ago motion that the 
convention this year ought held the extreme South, 
idea doing that being that the South should considered the 
section which convention could held about this time. The 
three last conventions have been held what may called the north- 
eastern part the country. Oneof them was out the country one 
directly the border, with occasional visit out the country, and 
the third one wasin Boston, practically. the Presi- 
dent has very wisely suggested, would premature vote hold 
convention Havana. Iam inclined think that would some- 
what premature fix the place the convention now any point 
within day’s reach Havana but believe that the right thing 
hold the next convention the extreme South, and think that 
the matter should referred the Board Direction fix the time 
and place, with general expression that the Society would favor 
convention the South, would best move that could made 
now. will make that motion—that the matter referred the 
Board Direction, with the general idea that, found practic- 
able, the next convention held early the year and the extreme 
southern part the country. 

The ask the gentleman complete his state- 
ment saying about what time the would proper hold 
convention the extreme South 

Mr. impression would the month April. 
think held convention the extreme South should 
some place and find large hotel, which can done good many 
locations now Florida, and that should done the month 
April. have generally found that the month May was the 
pleasantest time year Florida; but think the general feeling 
would more favor the month April, and that would come 
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just after the closing the hotel season, that could get hotel 
ourselves. 

The open the motion Mr. Morison. 
Has anybody seconded the motion 

second the motion. 

Mr. what was said Mr. Morison 
the propriety making suggestions the Board Direction, 
would like say few words. the meeting the Members 
District No. appointed nominate member the Nomi- 
nating Committee, was requested present the merits Atlantic 
City the proper place which hold meeting, and that the 
last week May the first week June selected the proper 
time for the meeting. Ido not think need enlarge the facilities 
that Atlantic City affords for recreation. understand that the pur- 
pose the annual convention very largely social, that that feature 
the meeting would amply provided for Atlantic City. An- 
alysis the votes received the Secretary shows that matter 
comparative indifference the members; but take the votes 
the aggregate find that there are five for Atlantic City and three 
four for Philadelphia, and Philadelphia may properly considered 
suburb Atlantic City, and you take those together will 
make eight votes which will give that neighborhood majority far 
indicated the vote the Society. not fear that next 
year there will any danger from Spanish gunboats, and the bathing 
the beach admirable. Therefore, that this Society 
recommend the Board Atlantic City the place holding the an- 
nual convention. (Applause.) 

The Morison not having presented suggestion, 
but having made positive motion, suppose Mr. Haupt presents his 
own motion amendment Mr. Morison’s. that so? Mr. 
Morison made positive motion that the Society decide hold 
meeting the extreme South. Consequently, his motion being before 
could entertain your suggestion only amendment Mr. 
Morison’s motion. 

Mr. motion would come amendment the 
motion which had not heard before. present amendment 
that motion. (Seconded.) 

Mr. thiuk that while very well for the members 
express their individual views here the locality where should 
have our convention, not think wise hamper the Board 
Direction weighing all the pros and cons the different localities, 
and would like make amendment Mr. Morison’s resolution, 
while not desiring cut off expression opinion our members, 
that the whole matter referred the Board Direction with 
power, without committing them any direction. 
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The cannot entertain Mr, motion unless 
Mr. Morison will change his statement mere 

Mr. think that Mr. motion entirely con- 
sistent with mine intended make it. that the whole 
matter referred the Board Direction with power, with the 
suggestion from the Society that found feasible the next con- 
vention may held early the year and the extreme 

Mr. not separate the two resolutions, Mr, Morison? 

The motion now little different from what 
was before, because you said found possible.” 

Mr. did not wish bind the Board Direction abso- 
lutely. merely wished have expression the Society 
what would favor. would not bind the Board Direc- 
tion absolutely. 

The only difference between Mr. Boller and your- 
self this: That you have added your statement the extreme 

Mr. did not mean say possible. meant feasible. 
think there pretty large margin between the two. 

Am. Soc. E.—I would suggest that Mr. 
Morison divide his motion. Let the motion be, first, would 
accept that, that the matter referred the Board Direction 
with power, and then, after that passed, introduce resolution that 
the sense this meeting that the convention should held 
some point the extreme South, early the season. 

Mr. Mortson.—It simply division the question. cer- 
tainly willing that should voted two parts. 

Mr. would simply putting the matter practical 
and sensible shape. 

Mr. this still open for discussion? 

The sir. 

Mr. perhaps something like the orator whu 
said: ‘‘These are sentiments. you don’t like them, will 
change them suit both places. live near Atlantic 
City and would very much like see convention there Cape 
May, somewhere along the coast. have been two conventions 
there. The Mechanical Engineers held one there once, and they had 
banquet. IfI was not this meeting would say was the 
worst banquet ever partook of, because tried fish. Since 
then the Mining Engineers have held one there where was not 
fish banquet, and was most delightful banquet and 
delightful convention all around. that the majority the 
Directors the Society choose Jersey should very glad. think 
itis good place. they not, agree with Mr. Morison that 
would well for the Society that from the 
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the country now, between North and South, and the greatly 
improved feeling since this war, that should kept every- 
body every possible everybody down South feel real 
good toward those the believe going there early 
One suggestion mentioned about hotels think should 
carried out all conventions; that is, goto one very 
much pleasanter than when are about. 

The the question stands just this way: 
Mr. Morison, having divided his motion two, has moved that the 
matter referred the Board Direction with power. this 
has been supported Mr. Boller. Now, Mr. Haupt, amend- 
ment, has presented the question whether the convention should 
Cape May. You understand the difference between the two 
motions. One leaves open the Board Direction with all the 
light can have the matter the proper time, the proper 
hotels, decide just what shall done. case accept the 
amendment Mr. Haupt, course tie the Society that now, 
without consultation all with the Board Direction. Con- 
sequently- 

Mr. did not wish put formally make 
binding the Board, but merely make suggestion the 
Board, after had recognized its discretion the matter. has, 
course, under the Constitution, the right fix the time and place 
meeting, but would undoubtedly aid the Board its delibera- 
tions have expression opinion from this Convention, and 
was more the nature suggestion than resolution that 
offered it. 

The well, sir. Instead formal amendment 

Mr. call for the question. Mr. Morison has divided 
the motion and this discussion not germane the question. Mr. 
Morison, understand, has divided the question. 

Mr. Morison.—I have consented have motion divided and 
voted separately. 

Mr. the question now that the matter referred 
the Board Direction, and discussion the time and place 
not germane the question. 

The the gentleman had given time would 
have seen that the exact conclusion remarks, whose purpose has 
been eliminate one after the other what was not order, was pre- 
cisely come that point. consequently, will put vote the 
motion Mr. Morison; that the first part the original motion, 
the effect that the matter the time and place the convention 
left the Board Direction, with power. Those favor please 
say aye; contrary, no. 
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The vote favor leaving the whole matter 
the Board Direction. 

Mr. call for vote the second half 
motion, which simply that this meeting favors the holding the 
next convention the extreme South, provided the Board Direc- 
tion find feasible (Seconded.) 

Am. Soc. E.—I fully agree with all Mr. Morison 
has said reference the claims the South this matter, 
although think Mr. Morison has overlooked the fact that more than 
one convention has been held the South. has doubtless over- 
looked the fact that one convention has been held Chattanooga and 
one Fortress Monroe. 

Mr. said there had been some conventions held the 
border and had those two mind. not think either them 
can properly considered southern convention. 

Mr. While think perfectly proper for the mem- 
bers express their preference here and give such reasons for their 
preference may proper, not think the Board should 
bound even suggestion from the Society. Circumstances may 
change the whole question before the next year, and seems 
that leaving the shape which now will best serve the 
interests the Society. (Applause.) 

The motion before you, gentlemen, that this 
meeting shall express its preference for meeting the extreme 
South, provided the Board finds that feasible. 

Mr. not want say too much, but would like 
state one two facts. motion was that the meeting favors—and 
think motion exactly the same kind was passed the conven- 
tion last year—that the Society favors holding the next convention 
the middle northwest. 

the meeting last year think there was statement 
made favor meeting Detroit and another statement favor 
the South, and had rising vote see how many were favor 
one and how many were favor the other. seems that 
would very desirable could have the sense the Society 
regard, not only the South, but regard the Atlantic seaboard 
represented Atlantic City. glad, Mr. Morison would 
willing, have vote taken that way, that could see who 
are favor the South and who ars favor Atlantic City. 

Mr. not whether, the convention 
goes New Jersey, Atlantic City would necessarily chosen. 
think two names were City and Cape May. One 
reason why Cape May would better that the extreme 
south—of New Jersey, and there the best bathing there any place 
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know this country and there enormous hotel there, the 
Stockton, while Atlantic City there very big hotel. While 
there are great many hotels Atlantic City not think there 
any one that would hold all comfortably. 

Assoc. Am. Soc. E.—May say word refer- 
ence Atlantic City, and that the proximity Atlantic City 
very slow town—Philadelphia. The trains between Atlantic City and 
Philadelphia partake partly the elements New Jersey and are 
very fast, and man Atlantic City only hour and half from 
Philadelphia, and matter engineering interest, well 
matter pleasure, those who want enjoy Atlantic City and even 
Cape May may with the help our hour half trains, and 
others who want engineering work have the large breakwater which 
the Government building the Delaware, near Cape May, which 
would make admirable excursion boat, while trains hour 
and half could take them where the large docks are going on, the 
sinking the railroad tracks and large amount bridge building. 
think that the manufacturing establishments Philadelphia and 
the attractions either Cape May Atlantic City, and the fact that 
can all take bath, might have some sort weight with the 
Society. 

that the train from Philadelphia Cape May takes hour and 
thirty-five minutes, which shows that cannot very much farther 
away than Atlantic City. 

The should say that the question the time-table 
premature. 

Gustav Am. Soc. E.—I would like move that 
the motion Mr. Morison laid the table. 

The question, then, that Mr. Morison’s motion 
laid the table. Those favor the question please say aye; 
contrary, no. 

(The motion was lost. 

The noes have it. question now before the 
house the motion Mr. Morison whether this meeting favors the 
idea convention the extreme South, provided the Board 
Direction finds feasible. That expresses your motion, Mr. Morison 

Mr. Morison.—That it. 

The favor that motion please say aye; 
contrary, no. will have have standing vote. Those favor 
deciding that this meeting favors convention the extreme South, 
provided the Board finds feasible, will please rise. 

(Thirty-eight members rose. 

The who not wish that the meeting should 
express itself favorably for the extreme South, please rise. 
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(Sixty-eight members 

The vote against the motion Mr. Morison. 

Mr. renew suggestion then, that, the meeting see 
fit, City selected the place, and the time the latter part 
May the first June. 

The you wish vote that you 

Mr. think ought the record some shape. 

The suggestion will record, Mr. Haupt. 

Mr. well, sir. That all want. 

The understand it, gentlemen, there motion 
before the house, and the incident closed. The whole matter 
stands referred the Board Direction, with power. 

Harrop, Past-President, Am. Soc. E.—I move that 
the sense this meeting that the next convention should held 
place where the entire Society can accommodated one hotel. 
(Seconded 

The moved and seconded that the sense 
this meeting that the next convention held place where the 
whole membership can taken care one hotel. Those favor 
this, please say aye; contrary, no. 

(The motion was 

The will remark here that this not mandatory 
the Board Direction all. the sense this meeting that 
should done so. becomes impossible account very large 
attendance, goes without saying that not want attempt 
impossibility and have the Board Direction what can- 
not do. 

The next business before the convention the proposed amend- 
ment the Constitution. 

Before the question the place holding the convention 
closed, Professor Fuertes would like address few words the 
meeting. 

Mr. the President. call the gentleman order. 
not parliamentary. 

President, fellow members and Mr. Croes: 
desire invite the members this Society meet next time 
convention the site Cornell University. for this 
proposition will explain. the first place not metropolitan 
place. not city where large number incidental dis- 
tractions prevent from meeting. very delightful here, and 
feel personally very grateful the people this hospitable town for 
having done much for our entertainment. delightful, and 
should grateful for it, and hope that shall pass very beautiful 
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resolutions, very strongly worded that regard; but one the im- 
portant reasons for our meeting become acquainted with each 
other, especially the younger men, and these constant excursions 
seems impossible. Then, again, there lack suitable 
accommodations towns, and have sometimes hot places. 
this university can offer you magnificent rooms, ventilated artifi- 
cially, kept cool, and with every possible convenience for our pur- 
poses. Then, again, the site great university, where there 
are three four technical schools. Then, again, Cornell University 
is, far know, the only university this country that has placed 
the civil engineer the footing practitioner learned profes- 
sion. Hitherto all other universities have not only not done so, but 
they have kept their hands the throat the civil engineer, and 
kept him bread and butter winner. The civil engineer has not 
to-day this country the social position that ought have 
virtue his capacity for improving and making better and happier 
the human race. Cornell University has been the first institution 
the kind acknowledge the civil engineer man engaged one 
the learned professions. Again, are now building there 
laboratory, which think you have all read something, that 
without doubt one the greatest efforts yet made provide scien- 
tific institution for the study hydraulic problems suitable 
scale. Iam happy tell you that recent interview with one 
the trustees was told that the university was going back that 
laboratory for all they are worth. Hotel accommodations are very 
nice. There are homely waiter girls. They are all six footers— 
men that are accustomed cater swell dinners. You will have 
there everything that the most aristocratic among might desire. 
The place beautiful. The features the country are perfectly 
beautiful. can have very nice time, socially and professionally, 
and examining the large plant one the large universities 
this country. The rates will doubt usual. have doubt 
that can get good terms there for board and can 
anywhere, perhaps cheaper than can larger cities. The people 
are hospitable. have within the faculty some eight ten mem- 
bers who would very glad, indeed, undertake the very delicate 
task making youcomfortable. think meeting such 
place has conditions convenience that may well influence your 
judgment. (Applause.) 

The next business the discussion the pro- 
posed amendments the Constitution. Gentlemen, regard this, 
may permitted say that, although you have already seen those 
amendments type you may not have read them carefully, and before 
discuss the matter might not amiss have somebody make 
sort short résumé what the proposed amendments mean, and 
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not suppose violation the rules debate precede the 
discussion with, say, exposé the question, pure and simple. 
would ask one the members the Board, also signer the 
proposed amendments, give the meeting statement explaining 
how the Constitution stood before, and how proposed that shall 
stand after the amendments, they approved. will call upon 
Mr. Freeman, the Board Direction, kindly give such 
explanation, make the matter clear before this meeting. 

Joun Freeman, Am. Soc. E.—I very glad comply 
with the request the President, although the amendments seem 
very simple and straightforward not call for extended ex- 
planation. was very glad see the question deferred from yester- 
day to-day, because, being simple and straightforward that, 
order present the matter proper, formal manner, was necessary 
cover four pages fine print, but the gist the whole 
matter might have been stated four lines. The objects the 
amendments are: First, merely transfer the work prescribed for the 
Auditor the Secretary and one the assistants the Secretary, 
and incidentally thereby save about thousand dollars year the 
running expenses the Society; secondly, they provide for audit- 
ing the accounts monthly instead the end the year; and third, 
connection with the increased responsibility put upon the Secretary 
giving him the work heretofore performed the Auditor, they put 
the Finance Committee somewhat closer relation the immediate 
supervision the general business the Society. That all there 
these proposed amendments. 

Perhaps may well say word the origin this action, 
and that can explained better reference the conditions 
which obtained when the new Constitution was drafted. had 
then man who had been the employ the Society for many 
years and had done useful work, and appeared that could very 
well carry the work auditing the accounts, not auditing them 
expert auditor, but having general supervision the books 
The office Auditor was created, and the work went 
that manner for time, until was found not fulfill the duties the 
position proper manner and was relieved from further duty. Then, 
since the Constitution was mandatory that there should Auditor, 
stop the gap and tide the matter over for the time being, the sug- 
gestion was made that the Secretary the Society appointed 
Auditor, and thus fulfill the mandate the Constitution. That ex- 
periment was tried and has worked admirably for more than year, 
and now, proposing these amendments, simply proposed give 
the constitutional authority plan action which has been 
operation for year, has worked admirably, has met the approval, 
think, every member the Board Direction, and has saved 
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money the rate 000 year the Society. The whole question 
appears simple and straightforward that hardly think, Mr. 
President, there need going into the details further unless some 
member may like ask some questions which sure any member 
the Finance Committee will very glad answer. (Applause.) 
The gentlemen, that you have had brief review 
what the proposed amendments are, will ask the Secretary read 
the proposed amendments they stand our papers. 
The Secretary read the proposed amendments, follows 
Amend Article follows 
...Strike out the seventh and eighth lines this section, viz. 
accounts and financial books the Society shall examined annually 
expert accountant, selected the Board Direction.” 
4....In the third line, and after the word Section,” sub- 
stitute for 

Strike out the words Bourd line twenty, 
and substitute therefor the words Finance Committee,” and 
immediately following insert new clause follows 

shall have charge the books account the Society, and 
shall furnish monthly the Board Direction statement receipts 
and expenses under their several headings, and also statement 
monthly balances. shali present annually, the Board Direction, 
time time, such other statements may required him.” 


6...... Strike out this entire Section. 

7...... Change the number this Section 

8...... Change the number this Section 

SEcTION 9...... Strike out the whole this Section and substitute 


the following 

Finance Commitiee have immediate supervision the 
affairs the shall employ expert accountant 
audit the accounts monthly shall approve all bills before payment, and 
shall make recommendations the Board Direction the invest- 
ment moneys, and other matters.” 


10...... Change the number this Section 

..... Change the number this Section 10. 
12...... Change the number this Section 11. 
13...... Change the number this Section 12. 


Article the Constitution will then read follows: 
ARTICLE 


1.—The President shall have general supervision the affairs 
the Society. shall preside meetings the Society and the 
Board Direction which may present, and shall ex-officiot 


Changes made the present Constitution are sho italics. 
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Constitutional member all committees. shall deliver address the Annual 


Convention. 

The Vice-Presidents order seniority shall preside meetings 
the absence the President, and discharge his duties case 
vacancy the office. 

2.—The Board Direction shall manage the affairs the Society 
conformity the laws under which the Society organized and 
the provisions this Constitution. shall direct the investment and 
care the funds the Society; make appropriations for specific pur- 
poses; act upon applications for membership heretofore provided; 
take measures advance the interests the Society; appoint all its 
employees; and generally direct its business. The Board Direction 
shall make report the Annual Meeting, transmitting the 
report the Treasurer and other officers, and Committees. 

3.—The Treasurer shall receive all moneys and deposit the same 
the name the Society. shall invest all funds not needed for cur- 
rent disbursements, shall ordered the Board Direction. 
shall pay all bills, when certified and audited, provided this 
Constitution and rules prescribed the Board Direction. 
shall make annual report and such other reports may pre- 
the Board Direction. 

The Board Direction shall secure satisfactory surety for the 
faithful performance his duties the Treasurer, and shall renew 
the same during the month January each year. 

Secretary shall Corporate Member the Society. 
shall elected annually the Board Direction the meeting 
held within twenty days after the Annual Meeting provided for Sec- 
tion Article VI, adjournment thereof, and shall hold the 
office for one year, until his successor elected, provided that 
majority the whole Board Direction shall required elect the 
Secretary; this vote given, necessary, letter. 

shall be, under the direction the President and Board 
Direction, the executive officer the Society. 

will expected attend all meetings the Society and 
the Board Direction; prepare the business therefor, and duly record 
the proceedings thereof. 

shall see that all moneys due the Society are carefully collected, 
and without loss transferred the custody the Treasurer. 

shall carefully scrutinize all expenditures, and use his best en- 
deavor secure economy the administration the Society. 

shall personally certify the accuracy all bills vouchers 
which money paid, and shall countersign the checks drawn 
the Treasurer against the funds the Society, when such drafts 

are known him proper and duly authorized the Finance 


Amendments 
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shall have charge the books account the Society, and 

nish monthly the Board Direction statement receipts and expenses 
under their several headings, and also statement monthly balances. 
shall present annually, the Board Direction, balance sheet his books, 
the 31st December, and shall furnish, from time time, such other 
statements may required him. 

shall conduct the correspondence the Society and keep full 
records the same. 

shall have charge the Society’s house and its contents; shall 
supervise the work all employees the Society, and see that they 
diligently perform their respective duties. 

shall perform all other duties which may from time time 
assigned him the Board Direction. 

5.—The Board Direction may also, they deem necessary, 
appoint Assistant Secretary, who shall aid the Secretary and 
under his immediate direction all matters. His whole time shall 
given the Society. 

6.—The Secretary and Treasurer shall paid salaries deter- 
mined the Board Direction; but such salaries not re- 
duced during the term office, provided this Constitution. All 
other salaries shall time time, the Board Direction. 

7.—The Board Direction shall meet within twenty days after the 
Annual Meeting, and shall then appoint from its members Finance 
Committee five, Library Committee five, and Committee 
Publications five. least three members the Finance Committee, 
and two members the other Committees, shall resident within 
fifty miles New York. 

These Committees shall report the Board Direction, and per- 
form their duties under its supervision. 

8.—The Finance have immediate supervision the 
financial affairs the Society; shall employ expert accountant audit the 
accounts monthly shall approve all bills before payment, and shall make 
recommendations the Board Direction the investment moneys, 
and other financial matters. 

9.—The Library Committee shall have general supervision the 
Library and the House the Society and the property therein shall 
make recommendations the Board with reference thereto, and shall 
direct the expenditure for books and other articles permanent value, 
such sums may appropriated for these purposes. 

10.—The Committee Publications shall have general super- 

vision the publications the Society, and contracts and ex- 
penditures connected therewith. 

11.—In the consideration papers offered for presentation, those 

papers containing matter readily found elsewhere, those specially ad- 
vocating personal interests, those carelessly prepared controverting 
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Constitutional established facts, and those purely speculative foreign the pur- 
Amendments 


poses the Society, shall rejected. The Committee Publications 
shall determine which papers shall read full, and which shall 
printed after reading title only. The Committee may return 
paper the writer for correction and emendation, and call its aid 
one more members special experience relating the subject 
treated, either advise the paper discuss it. Such papersas 
the judgment the Committee should appear the Transactions,* 
shall promptly, upon their acceptance, printed and distributed 
members all grades; others shall, with the consent the authors, 
suitably indexed, and filed for reference, the Committee may 
provide abstracts thereof, which, when approved the authors, may 
published instead the original papers. Advance copies papers 
and discussions may sent out the membership before final pub- 
lication. 

12.—Special committees report upon engineering subjects shall 
authorized only majority the votes cast the Society, and 
the following manner: proposition appoint such Committee 
shall presented regular meeting the Society, and sus- 
tained, motion refer the same the Board Direction, 
affirmative vote not less than twenty-five Corporate Members, 
shall referred. 

The Board Direction shall then consider the same and report its 
recommendations the Society the next general business meeting, 
together with statement the arguments for and against the ap- 
pointment such Committee. 

motion for the issue letter-ballot thereon receive the 
affirmative vote two-thirds the Corporate Members present, the 
Board Direction shall, within thirty days thereafter, issue the letter- 
ballot, accompanied statement the arguments for and against 
the proposition. 

majority total vote not less than one-third the Corpo- 
rate Membership the Society shall necessary for its adoption, 
whereupon the Committee authorized shall appointed the 
Board Direction. 


The Presipent.—The question now before you for discussion, 
gentlemen. 
Am. Soc. E.—Mr. President, move the 
adoption the amendments proposed. (Seconded.) 
Original italics Constitution. 
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Mr. President, the statement Mr. Freeman re- 
lating these amendments there was sentence from which infer- 
ence might drawn that would incorrect. not think Mr. 
Freeman intended that such inference should made perhaps, 
but, nevertheless, think there might danger that, and 
order clear the atmosphere, before the discussion the amend- 
ments proper comes before the Society, think right say that 
this provision for Auditor was not made with the view providing 
position for any member the Society for any other person. 
fact that Committee had authority appoint elect even sug- 
gest the filling the position any person. That was the duty the 
Board Direction. They performed that duty they thought best. 

Mr. 

Mr. Committee the revision the Constitution. 
say further, while not expressing opinion the value 
these amendments, that this feature the new Constitution was sug- 
gested by, and very strongly advocated by, one the most active and 
earnest members the Society, since President, who gave, what 
the Committee thought the time, very substantial business reasons 
for the adoption this feature. merely wish say this order 
that there may incorrect inference the origin this re- 
vision the Constitution. 

The more remarks? 

(Calls Question.”’) 

The seems more discussion. The ques- 
tion calledfor. will put the meeting. Those favor ac- 
cepting the amendments they are proposed and have been read 
you please say aye; contrary, no. 

(There appeared only one negative 

The ayes have it. The next question before the 
meeting the appointment Special Committees the Society. 
The Secretary will please read the documents that refer that question. 

The Secretary read the report the Board Direction the pro- 


posed appointment Committee Rail Joints for Standard Steam 
Railroads, follows: 


REPORT THE BOARD DIRECTION THE PROPOSED 
APPOINTMENT COMMITTEE RAIL JOINTS 
FOR STANDARD STEAM RAILROADS. 


Discussion 
Constitutional 
Amendments. 


Vote 


Constitutional 
Amendments. 


Report 


the annual meeting the Society, held the 


19th January, 1898, was 


That the sense this meeting that Special 
Committee appointed consider the subject Rail Joints for 


Rail Joints. 
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Standard Steam Railroads, and report the Society certain types 
joints for discussion and consideration, and that this subject 
referred the Board Direction for action.’ 

resolution evidently does not call the Board formu- 
late any conclusions, but merely collect information laid 
before the Society for discussion it. 

Special Committee was appointed consider the 
Relation Each Other the Sections Railway Wheels and 
This Committee made its final report the Society June, 1889. 
January, 1890, committee was appointed report the question 
standard rail sections. and finally reported August 2d, 1893, set 
sections which have become generally recognized standards 
throughout the United States. would seem fitting that the work 
these committees should continued, and that standard joint, 
least standard section angle bar, adopted with the 
standard rail. Such result, obtainable, worth striving for. 

The questions, however, standard rails and standard joints are 
not exactly analogous. the matter rails, the various fantastic 
sections had, through experience, become obsolete. Even the double- 
headed rail had, American practice, disappeared, and the rails 
actual service were all one type, differing only the manner 
details, which could reconciled. the matter joints have 
not advanced far. Fantastic devices are still vogue, receiving 
much support, and experience has not yet finally evolved surviving 
type. the work these committees required eight years, can 
readily seen the amount labor that would before committee 
undertaking similar work for rail joints. 

Your Board is, therefore, the opinion that would not wise 
and practicable consider the question rail joints without some 
limitation thereon. Your Board, however, would recommend favor 
the appointment special committee report the 
upon the proper sections angle bars used connection wit 
standard rail sections recommended the former Committee the 
Society. believes this would step the right direction, 
only number railroads this country use special joints, 
the main point difference the angle joints used being the 
section, length, and the drilling the bars. There such wide 
variation regard the proper length and drilling angle bars 
that doubtful any committee could come agreement 
this matter. There little doubt, however, but that uniform 
section angle bar could decided upon, which would 
material assistance the railroads and rolling mills, and would tend 
toward uniform economy. 

reasons that appear favor appointing the suggested 
committee, with the limitations proposed, are: 

angle bar being the basis nearly all the joints now 
use, the possibility arriving definite conclusion its best 
form will much increased the discussion confined it. 

economy which would result from the general adoption 
standard angle bar. 

committee the Society, the purpos eof whose investi- 
gations purely scientific, can secure more valuable opinions and 
reliable data than any individual. 

the information thus obtained, principles could 
developed such form readily understood roadmasters. 
The results obtained correct application these principles 
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practical men will great value further study the subject, 
and may eventually lead the adoption standard joint. 
The reason opposition the appointing the suggested com- 
mittee is: 
being admitted that general investigation the whole sub- 
ject, with the adoption standard, impracticable, would not 
worth the labor take the study part only. 


the whole, appears your Board that the reasons favor 
outweigh that opposition. 


order the Board Direction, 


The you have heard the report the Discussion 


Board Direction. After having complied with the mandate the 


Constitution securing the reasons pro and con for the resolution, Joints. 


you will asked now vote either favor against the appoint- 
ment such committee. the question, your vote 
the affirmative, then the Society large would consulted 
the appointment the Committee. 

recommendation the Committee sent out now the Society for 
letter-ballot prescribed the Constitution. (Seconded.) 

Colonel Prout, and, additional reason, own opinion, for 
the adoption this other motion and the appointment the Society 
committee Rail Joints, would like call attention 
the fact that the last annual meeting the Roadmasters’ Associa- 
tion America—a national association—held Old Point Comfort 


last September, Committee Rail Joints their report stated 
the conclusion follows: 


Recognizing the broadness the field, and the good results that 
have been secured through discussion this body, your committee 
suggests that the American Society Civil Engineers, whom 
are indebted for the standard sections steel rail, respectfully re- 
quested take and consider what form rail-fastening neces- 
sary this time provide for the increased weight cars and en- 
gines, and the fast speeds now necessary secure profitable financial 
results for the railroad company, and let have the benefit their 
experiments, giving them the assurance thatif they will undertake 
it, every assistance our power will 


The Committee signing that report consists members from some 
the most prominent railroads the country, the Chicago, Burling- 
ton Quincy Railway, the Missouri, Kansas Texas Railway, the 
New York Central Hudson River Railroad, the Boston Maine 
Railroad, the Boston Albany Railroad, the Richmond, Fredericks- 
burg Potomac Railroad, the Flint Pére Marquette Railroad, and 


the Southern Pacific Railway. the resulting discussion one the 
members said: 
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American Society Civil Engineers several years ago, five 
six, very large committee from it, got out which 
the standard section was adopted the Society, and these rail sec- 
tions are coming into universal use. While they took the subject 
there was definite report made them angle bars, and they are, 
all know, very well competent take this ques- 
tion and discuss it, and would request that this motion here 
made direct from the Association the American Society Civil En- 
gineers. (Seconded.) suggest that this last paragraph put the 
form motion, and request the American Society Civil En- 
gineers, through our President and Executive Committee pre- 
sented; which motion was carried. 

think, therefore, that this appeal, were, request, the Na- 
tional Association Roadmasters our Society should lend ad- 
ditional weight the appointment Committee Rail 
(Applause. 

The motion before the meeting, gentlemen, 
issue letter-ballot regards the question whether committee shall 
appointed. 

Mr. understand correctly, the Board Direction 
favors the appointment committee consider the subject gener- 
ally. 

The report the Board Direction favors the 
appointment committee, but, the same time, communicates 
the meeting the reasons and con. 

Mr. they also report their own conclusion, under- 
stand. 

The their conclusion favor it. 

Mr. understand it, the Board Direction have 
recommended that the work any committee appointed confined 
determining the proper section for angle bars fit the several forms 
rails, and seems that there are two questions before the 
Society; one is, think, that should first approve the action the 
Board Direction limiting the work this Committee, because the 
former vote the Society did not limit it. ‘That could done 
majority vote. When that done, seems competent 
for the Society vote the issue letter-ballot and that requires 
two-thirds vote. 

Mr. was the point question. Does the Board 
Direction recommend the limitation the scope this? 

The sir. Mr. Morison isright. the 
original question was somewhat wider, and the Board Direction re- 
ports favor limiting the question the determination the 
angle bar that used for joints. you put motion, Mr. 
Morison? 

Mr. Morison.—There motion before the house. But would 
move, Colonel Prout will withdraw his motion—— 
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Mr. withdraw motion. 

Mr. would move that the recommendation the Board 
Direction limiting the duty the Committee sections angle 
bars accepted. 

The have heard the motion Mr. Morison. Those 
favor the motion please say aye. 

Mr. wish simply, one, express dissent from 
that. must say that not appreciate the full force the recom- 
mendation. would like see the whole matter committed this 
Committee. think would much more usefulif the whole problem 
rail joints were taken rather than the simple recommendation 
the best section for angle bar. would like that Committee 
consider whether the angle bar proper form joint. 

The case your motion prevails, Mr. Moore, the 
whole matter would have referred back Board Direction. 

Mr. wish simply give reasons for voting this 
occasion. 

The your make motion that sense, 
simply give your reasons for voting no? 

Mr. simply, discussion, wish give reason why 

Mr. rise toa point order; that is, that this meeting has 
power alter amend the original proposition laid before the 
Board Direction. There was resolution referred the Board 
Direction for the appointment committee rail joints. The 
Board Direction report that they consider such committee advis- 
able, but they consider that the functions that committee should 
limited. That recommendation the Board Direction has nothing 
with the action this Society. The action the Society can- 
not pass upon it. There one proposition, and one only, before the 
house, and that is: Shall this Committee rail joints appointed, 
and the recommendation the Board Direction will before the 
Society with letter-ballot, and members can vote they see fit, either 
for against the appointment the Committee. But the original 
proposition cannot altered this meeting, and the question now 
before the house simply, shall the issuing author- 
ized—the issuing the question originally proposed. 
You cannot change it. 

Mr. President, wish further than Mr. Croes 
and say that, under the Constitution, the Board Direction the 
Society has authority whatever modify this question. They can, 
under the Constitution, either recommend the appointment the 
Committee originally proposed, they can reject But see 
the Constitution authority whatever modify the recommendations 
the meeting which originally voted favor this proposition. 
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Discussion That being the case, the question whether the modification proposed 
the Board shall adopted not cannot come before the meeting. 


Rail Joints 


This meeting has only the question whether, upon the recom- 
mendation made the Board Direction, letter-ballot shall 
ordered the Society. That, really, under the wording the Consti- 
tution, the only thing that this meeting can do. 

Mr. what intended express. Now, Mr. Presi- 
dent, under the Constitution, the proposition appoint such 
committee shall presented regular meeting the Society, and 
sustained, motion refer the same the Board Direction, 
shall referred. This resolution was presented, and was 
referred. The Board Direction shall then consider the same and 
report its recommendations the Society the next general business 
meeting, together with statement the arguments for and against 
the appointment such Committee. The Board Direction has re- 
ported its recommendations the Society and statement the argu- 
ments. understand the report the Board against the ap- 
pointment the Committee authorized the first place, they say 
that the committee ought limited. Then the Constitution says: 


motion for the issue letter-ballot thereon receive 
the affirmative vote two-thirds the Corporate Members present, 
the Board Direction shall, within thirty days thereafter, issue the 


The question now is: Shall the letter-ballot issued the 
original proposition, shall not? That all. the members 
think that the recommendation the Board Direction should 
adopted, they refuse issue this letter-ballot. 
théy think that the recommendation the Board Direction not 
worthy consideration, and that committee should appointed, 
asked for the first place, they vote for the issue the letter- 
ballot. But you not like the resolution, the form which is, 
vote against the issue the letter-ballot, and let the matter come 
unofficially. Does that express your views, Mr. Whinery? think 

Mr. would simply like say, Mr. President, that 
understand the report the Board Direction read, while they 
weighed the different reasons pro and con, the last sentence, re- 
member correctly, says that the whole they consider that the ad- 
vantages appointing such committee outweigh the disadvantages, 
and the end that report they recommend the appointment the 
Committee. 

The the Secretary please read from that portion 
the report the Board Direction that refers that point? 

The you take the last three clauses, Mr. President, 
retary read the clauses referred 
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Mr. favor what? 


Am. Soc. E.—The appointment the Com- 
mittee. 

The there clause here which 
think limits it. After giving the original resolution says: 


This resolution evidently does not call the Board formulate 


any conclusions, but merely collect information laid before the 
Society for discussion 


The reasons that appear favor appointing the suggested 
committee, with the limitations proposed, are:” Then after those rea- 
sons says: the whole, appears your Board that the reasons 
favor outweigh that opposition.” That appears favor 
the appointment limited committee only. 

Mr. suppose are understand that the Board 
Direction has reported favor the appointment such com- 
mittee. Their action has binding effect the Society this 
meeting. 

some the older members the Society perhaps will remember that 
years ago took the ground that this Society should not attempt 
any engineering work that expected the individual engineer. 
doubt this Society’s action, through committee, will taken, 
has some other instances, the sense the Society. The rail 
section spoken the American Society’s section. known 

throughout the country assuch. that the line must 
drawn sharply, how far the Society can the work that 
expected the individual member, and from which work the member 
gets his compensation. utterly opposed the Society being 
used for that purpose. sanction committee the design 
rail joints, what prevent from having committee pumps 
churns anything that kind? something for the indi- 
vidual member work up. invite members give the best 
they have any subject relating engineering. not want 


forestall that, take from them the action committee. 


think there higher ground look at, higher plane that the 
American Society should take rather than formulate the manner 
which shall recommend our work. (Applause.) 

Mr. would like read Paragraph the 
first article our Constitution defining the objects our Society 


objects shall the advancement engineering knowledge 


and practice and the maintenance high professional standard 
among its members.” 


Now, gentlemen, consider—I may differ from others—com- 
mittee work the most important and the most desirable work that 
can done any professional technical association. Next 
importance comes the open discussion meetings, and third, 
the papers. know that great many members who have, perhaps, 
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Discussion not thought much about consider individual papers the work 
excellence the association. consider the contrary, that com- 


mittee work adds more the reputation the Society body and 
raises the standard the profession more than individual papers even 
accompanied very valuable discussion. have been called upon 
the National Association Roadmasters appoint committee 
help them—you might say perhaps help them out—in question 
that they have tried settle, and possibly owing the large divergent 
interests inclinations among them—individual members favoring 
certain devices certain sections rail joints, owing their great 
familiarity with them account using them their roads—they 
have possibly not come conclusion and desire some one else 
give them assistance, and they have selected us. seems that 
when the Roadmasters’ Association, complimentary terms, calls 
body and asks take question, they seem acknowledge 
that there something the question that we, body engineers, 
can solve and can help them and thereby carry out the objects our 
Society, namely, the advancement engineering knowledge and 
tice and the maintenance high professional standard among our 
members. The only question, seems me, is, will that affect 
any way the maintenance high professional standard among our 
members cannot but say, answer that the contrary 
will, instead lowering, raise the standard our Society, because 
the work committee goes out the whole country, quoted and 
considered guide the matter account its being the work 
set men who are unbiased, who are selected especially for the 
purpose account their intelligence and expert knowledge the 
subject—the bringing bear the knowledge and clear analysis that 
engineers are supposed tohave. Our profession gives that training, 
and strikes that ought take this subject, not with any 
limitation, but leave the good sense the Committee appointed 
the Board Direction decide just how far they can go, how far 
feasible and practicable make report. Certainly the pro- 
vision our Constitution the effect that the report shall pass 
the Society—to the Board Direction understand, naturally—will 
safeguard against any attempt utilize the report for any pur- 
poses that will objectionable Society. trust that the Com- 
mittee will appointed. 

Mr. have but one word say. There 
doubt but that the roadmasters and railroad companies put 
their hands and ask solve this question for them. There 
doubt about it. They want you it. But case 
one particular form recommended, may Mr. Bonzano’s 
form, may some other, that moment all work that direc- 
tion stops. have the American Society’s say upon this ques- 
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tion. There use attempting anything better. 


Again, this Society one time appointed committee report upon 
certain matter and member got and begged the Society not 
ask for the report did not know how would affect litigation. 
Again, western society was going solve the problem the track 
elevation Chicago, and, after working some two three years 
upon the subject, formulated its report, and not one railway company 
has adopted that mode doing the work. This idea the Society 
being used for the purpose doing engineering work, the work that 
the individual should do, utterly opposed to. 

Mr. believe that motion that the 
the Board Direction accepted has been voted the affirm- 
ative, but not the negative, and has been ruled out order, 
accept that position and believe that the objections raised Mr. 
Croes are well taken. The question then comes before the Society 
simply the issuing letter-ballot the general question which 
the Board has recommended against. served both the 
previous committees—the Committee the Relation between Wheels 
and Rails and the Committee Rail Sections. each those com- 


mittees the work was comparatively confined, and yet took great 


deal time come any conclusion. The first conclusion, which 
virtually fixed the approximate radius for the corner the rail, the 
vertical side the head the rail and some features the flanges 
the wheel, was naturally followed section rail which 
should embody these features. The section the rail naturally 
followed the section the angle plate for the simple reason that 
the angle plate the most common railroad joint. That piece 
work which committee could come reasonable time they 
could probably reach conclusion less time than the last report. 
Still, much time would have given that but that seems 
necessary complete the work already done the preceding 
committees. But, when comes the question general rail 
Mr. Whittemore’s objection seems thoroughly well taken, and 
sincerely hope, both the interest the committee who have 
charge, the interest the Society which would take step which 
think would repent of, and the general interest the profes- 
sion, that the general question will voted down. 

Mr. not altogether sympathize with the remarks 
that have been made, either the last speaker Mr. Croes, 
even Past-President Whittemore. What the technique the 
report from the Board Direction must leave others decide 
but interpretation that report that recommendation 
that committee appointed, and also recommendation that they 
relieved from the necessity solving the whole problem. does 
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Discussion not require them limit themselves, but gives them excuse for 


Proposed 
Committee 
Rail Joints 
(continued). 


when some found great difficulty obtaining the theory 
bridge details. was close secret, and some obtained more 
less with great deal difficulty. That time has happily 
passed away and bridge details are open secret, and almost every- 
body practical experience knows more less about them. 
applies the adoption standards. When the reasons, which Mr. 
Whittemore now mentions, against the adoption rail joints were 
mentioned against the adoption rail-sections, has stated, 
then decided that was advantageous have standards, and what 
gain them? gain the accumulation knowledge which 
cannot gain any other way. There one individual engineer, 
whatever position may hold, who can obtain the data which can 
secured committee, and when that information has been 
accumulated and reduced its lowest terms, great deal 
labor the profession has been saved for all time. Are now 
give our time looking the details angle bar which are 
simple? Any engineer experience can get angle bar which will 
give good results, and have his name down posterity the author 
that bar, and there great deal time wasted that way. 
obtaining the reports special committees, have said before, 
simply obtain stepping stone which can rise higher 
standard the future. 

The you have the question before you 
standing follows There has been doubt cast the intention 
the report the Board. That report has been read before you. 
that report limits the scope the work that was given it, there 
question that this meeting cannot adopt their action that limi- 
ted But appears that the report rather unfavorable, 
the whole, issuing letter-ballot the whole question. Conse- 
quently, asking you vote this question you have two things 
before you—first, the possible doubt about the intention the Board, 
and, secondly, the reasons which have been given you pro and con 
for having committee report such questions. case any- 
body would want admit that the scope the report limit it, 
that case the only remedy, course, vote no. the rest 
the question, left everybody according his own views 
the question. will put the question before the house the original 
motion Mr. Prout, first all, which has not been modified 
amended any way, the effect that letter-ballot issued for the 
appointment the committee that has been spoken of. Those 
favor issuing letter-ballot the Society that question please 
say aye; The chair has doubt that the ayes have 


anybody wants test rising vote, will take rising 
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meeting. 
The know. stated what appeared the result 


from the volume the vote. Those favor issuing letter- 
ballot please stand up. 


(Forty-six members rose. 

The 

Mr. you put that would suggest that the rest 
the corporate members stand up. 


The those who desire vote against the issuing 
letter-ballot please rise. 


(Nine members rose. 

The nine; consequently the vote af- 
firmed for the issue letter-ballot the Society. 

Mr. call for the total number Corporate Members 
present before this question submitted. 


The you count the Corporate Members present, 
Mr. Secretary? 

Mr. Members and Associate Members are the Corpo- 
rate Members; the Juniors and Associates are not. The only question 
is, did the number that stood the first vote constitute two-thirds 
the Corporate Members present, and the only way decide that 
have the balance the Corporate Members present stand up. 

The are just doing now, sir. 

The count sixty-seven. 
who not Corporate Member? 

(One gentleman rose.) 

The will count them once more sure. There 
are sixty-seven. 

Consequently the motion carried. have another similar ques- 
tion before us, for the appointment committee paints for iron 
work. The Secretary will please read the report the Board 
Direction. 


The Secretary read the following report the Board 


there anybody present 


REPORT THE BOARD DIRECTION THE PROPOSED 
APPOINTMENT COMMITTEE REPORT PAINTS 
USED FOR STRUCTURAL WORK ENGINEERING. 


Vote on 
intment 
ommittee 
Rail Joints. 


Report 


Gentlemen,—At the Annual Meeting held January 19th, 1898, the 


following resolution was passed: 


Resolved, That Special Committee appointed, under the 
rules the Society, examine into the question paints used for 


Paints. 
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structural work engineering, and report this Society for discus- 
sion.’ 

accordance with this resolution your Board recommends the 
appointment such Special Committee and herewith presents argu- 
ments for and against its appointment. 


large proportion engineering structures are dependent upon 
artificial covering, such paint, for their permanency and safety. The 
necessary knowledge the period such artificial covering will last 
absolutely required, both asa financial problem and matter en- 
gineering practice. 

manufactured paint to-day article commerce, and 
the various brands and kinds are placed the market solely the 
basis cheapness manufacture, without any general specific 
knowledge such process manufacture, with the result deteri- 
oration the commodity produced and consequent uncertainty 
its period usefulness. 

almost all engineering structures, the material which they 
are composed specifically known and determined, and the results 
the use such material can accurately predicted. With paint 
such not the case, and seemingly one the few materials that 
used faith. 

are this country many establishments which vast 
amount information the subject paints has been carefully 
collated, which, the profession large, sealed book. The 
college laboratories have also investigated the subject, and the result 
those investigations should known. the Committee, 
appointed, may restricted, not, thought best; but even 
the available information now hand were compiled and nothing 
else done, appointment would not have been vain. If, however, 
its scope should extended, there can doubt that the result 
would invaluable the Society. 

assumed one the moving objects appointing such 
committee, that, being representative the Society, possible 
obtain more complete and impartial information than would ordi- 
narily imparted individuals. other words, such com- 
mittee must, necessity, carry much the standing and power 
the Society, both relates the acquirement information, 
secured possibly much expense individuals and corporations, 
and also the promulgation such data through the medium 
areport. There are many who believe that such function may 
properly exercised the Society, and that differentiate 
between the distinctly poor, the moderately good and the best, 
practical well within its scope contributing the 
well-being its members and the public. Without attempting 
decide the alternate proposition that such functions belong 
entirely with the integral parts the Society—its members—it 
appears clear that properly constituted committee could 
appointed, that is, one which would expert the specialty 
the manufacture, application and use paints and preservative 
coatings, and which would imbued with such enthusiasm 


the work through promptly, considerable advantage might 
derived: 
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ARGUMENT OPPOSITION THE APPOINTMENT COMMITTEE. 


project not properly comparable with the work such 
previous committees those Cement Testing, Rail-Sections, Screw- 


Threads even that Standard Time. 


the reasons support this assertion appear obvious, but 
single illustration will given. Thus, say, establishing rail- 
section was, the one hand, mere mechanical problem select- 
ing compromise between the theoretically best contour, and, 
the other hand, the limitations practical usage and manufacture. 
Even the very best design were not selected there would yet have 
been advantages due facility interchange and reduction the 
cost construction. 

the compounding, the manufacture and the application 
paint for the protection iron and steel, such conditions exist, nor 
are they any reasonable degree analogous. Chemistry the foun- 
dation paint manufacture, and yet the most accomplished chemists 
that line work are the most persistent experimenters, relying 
almost exclusively upon that kind demonstration. 

The manufacture lubricating oils has been developed almost, 
not quite, the dignity science; and yet the elements care, 
experience and character are important the result are the 
methods treatment, the crude material employed and the use 
every known safeguard analysis and test applied each step the 
process. Nevertheless, there vastly more poor oil use than good, 
condition which recommendation any committee can change, 
but which can otherwise promptly remedied the users them- 
selves they cared exercise modicum common sense. 

much the same condition just pointed out lubricating 
oils exists paints. Incidentally, too, the same remedy 
results equally applicable. 

admitted that any committee the Society which would 
undertake the labor could undoubtedly collect much novel data, es- 
pecially the way individual experiences and the commercial 
value trade marks. But seems highly improbable that the com- 
paratively few real experts this line work, who are members 
the Society, would consent serve, even requested. And the fol- 
lowing question seems pertinent one that connection: the 
proper thing request such services our members without offering 
adequate remuneration? For, most assuredly, the function this 
Committee effectively carried out can only done the 
expenditure much time and labor. 

Society’s financial condition will not permit, the present 
time, the undertaking special investigations under what believed, 
this view the subject, the only proper method conducting 
such work, namely, engage the best talent available, whether 
members the Society not, pay the highest market rates for the 
service and put time-limit upon the continuation the committee. 
Only such manner, strongly believed, could results 
obtained worthy publication the Society. And even then, 
would the game worth the candle?” Would the result in- 
centive future progress that line work? Might not act 
convenient stopping place for the easy-going and the incompetent? 
For all difficult things set aside, modify, graft improve- 
ments upon, what can excel Official Standard! 


q 
7 


Discussion 
Proposed 


148 


REPORT FULL THE BUSINESS MEETING. 


[Society 


The question before you, gentlemen. The 


Committee Board Direction has reported favor having such committee, 


Paints. 


and you have heard the reasons pro and con. 

appointment such committee the Society will going clear be- 
yond its limits. Suppose that the Committee its report should find 
paint article which would recommend. think that 
rather doubtful position for this Society assume, appoint 
committee for the purpose determining which the best brand 
the best article use for covering structural iron work. 

Mr. gentleman just made the point that the Committee 
might somethiug. seems that rather premature 
assume what committee might do. And, addition that the 
Committee should something, indicated the speaker, that 
would unprofessional and not proper for the Society whole 
adopt, have not ample safeguards the fact that this Committee 
report, matter what is, has got accepted the Society, 
and, addition that, filtered the Society through the Board 
Direction. other words—I assume correct—the Board 
Direction would turn down any report would pass upon before 
would get the Society. 

The that point would say that Special Commit- 
tees appointed report the Society. 

Mr. that not well taken, and the Board 
Direction does not see the report before submitted? 

The sir. 

Mr. the only safeguard would that the Society 
body refuse accept the report. 

the committee would asked any article paint 
its function could limited collecting data. They are two rad- 
ically different things. might very slow appoint committee 
which would make any recommendations that would bind the Society, 
but might all very glad have data collected which would 
enable form judgment the particular cases where the use 
any kind paint decided on. would like ask that ques- 
tion for information. Might ask, can that question answered? 

The think can answered reading this resolu- 
tion, that special committee appointed, under the rules the 
Society, examine into the question paints used for structural 
work engineering, and report the Society for discussion. 

Mr. that case obvious that the objection 
ent, least, premature. The resolution does not contemplate any- 
thing the kind. 
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Mr. has occurred that the Committee would 
not recommend any particular thing. would simply give informa- 
tion. 

The not called upon that. 

Mr. should hardly think that would possible 

all. committee collate information that will give the Society 
paint-making and the experience with the use the dif- 
ferent ingredients paint. But recommending any brand 
paint anything that sort, not suppose that possible. 

Mr. think correct this time when make the state- 
ment that the Board Direction appoints the committee. 

The sir. 

Mr. think, therefore, can trust the Board Direction 
appoint such committee would handle the subject properly and 
honorably and protect the interests the Society. 

Owen, Am. Soc. E.—In reply the suggestion Mr. 
Benzenberg the risk the appointment committee such 
unknown subject paints, would state that this Society ap- 
pointed some years ago committee cements. Ido not think the 
scope that committee was limited, but the result the work that 
committee has been marvelous value. The idea introducing the 
resolution was, that information should collated the different 
paints and the manufacture the different paints, that engineers, 
body, might have some information work on. To-day 
unknown article most people, and what paint good and what 
paint bad impossible find out, except upon consultation with 
men who know somewhat about the business and who are somewhat 
chary about giving information. 

Mr. gentleman alluded tests cements 
affording the Society valuable information cements. The object 
the Committee—I was member the Committee—was devise 
and determine method conducting tests cement, having nothing 
whatever with quality. was merely the mode testing poor 
good cement. 

Mr. the scope this committee would 
carefully consider the results obtained with different pigments 
paints and their ingredients. The result the committee’s report 
undoubtedly would contain preference indication preference 
one article containing certain compounds another, because the 
results the tests, and though may not contain the 
tion specific article, yet will contain sufficient information that 
will give the manufacturer who comes nearest the recommended 

article advantage over all other competitors the market. The 
next step, one that entirely parallel it, is, determine the best 
cement used certain classes work. Mr. Whittemore 
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fairly said, the Committee Cements, that time,was appointed for 
the purpose determining the method getting the testing 
cement, the best method adopted and uniform method. Methods 
testing cements were being used great many, but they were 
not uniform, and results were not comparable, and for that purpose 
the Committee was appointed. The work this committee not 
all compared with that the Committee Uniform Tests Cement. 
determine which the best article used, and determin- 
ing that best article, report upon which the best article, they 
have got give certain information which value the manufac- 
turer the article which comes nearest it, and will good 
advertisement for the party who fortunate enough manufacture 
article that comes nearest the test reports that the committee 
will make. 

Mr. not think that doing athing that might 
possible advantages others also. think might good thing 
would like ask Mr. Owen result the action 
taken regard cement was not improve the quality cement? 

Mr. sir. 

Mr. think might expect similar action 
follow the case paints. 

Mr. desire say that not paint man interested 
any paint firm, and simply seeking advance the interests 
the Society the lines which consider most desirable, namely, com- 
mittee work. There question mind that have com- 
mittee which could collect information the paint question that 
the individual cannot get, and sift it, and analyze it, and present 
concise form, very desirable. The trouble the whole paint 
question that are confronted with lot statements manu- 
facturers and others. have not time sift the reliability au- 
thenticity these statements, and often take information faith 
that ought notto. Now, the scope this Committee, doubt, 
whether limit not, will come down the need collecting 
information the subject the use certain paints and classes 
paint materials, and sifting and investigating the reports they have 
obtained results paint used practice, and also, especially, 
the reliability series tests that have been made, such the 
One Hundred and Fifty-fifth Street Viaduct work and the large tests 
that have been made other points. hear these things, but 
have not time sift and ascertain how far can give full credit 
tothem. Another very important feature, mind, the testing 
paints elementary tests. The manufacturers lubricating oil, 


for instance, will make statement that very secret process that 
has gone through, and that involves chemical manipulation. 
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But, matter fact, when the oils crude materials, all from 
elementary tests conducted the foreman clerk, something like 
that, are put operation, consider that should have similar ele- 
mentary tests for the pigments and the oils, and committee properly 
constituted could give information certain tests that kind that 
would allow engineers with the ordinary appliances and time their 
disposal make such tests. Those are very important features the 
paint question, and certainly are not dangerous the sense pro- 
viding advertising medium for some particular firm, and will add 
our engineering knowledge and information, and assist all 
body, and add the reputation the Society for advancing the en- 
gineering profession and interests generally. 

Mr. President, not wish unduly prolong 
this discussion. think the principle involved the appointment 
these committees very important one, which should very care- 
fully considered, not only general way, but each individual 
case. have approved the appointment committees investigate 
engineering subjects, agreeing with what Mr. Whittemore says 
the adoption standards specifications. That does not exclude 
the collection and classification information, and, has been re- 
marked here, reducing its lowest terms, the information thus col- 
lected may valuable work, which this Society can engage with 
great profit itself and its members. certainly strongly op- 
posed the turning loose any committee, not care 
appointed, how well intentioned how constituted, upon any such 
general field this, without limiting the work they shall do, without 
limiting the scope the investigation and what they shall report, and 
very strongly hope that the Society will vote not submit this 
letter-ballot. 

Mr. think that the resolution offered very poorly 
worded. does not express what the mover probably intended, 
and open the objections that have been made here. The ques- 
tion the investigation paints more liable lead corrup- 
tion than that the investigation steel cement, any 
other subject, provided the committee confined themselves the 
matter which desired, the investigation the principles governing 
the selection paints and their application preservative metal. 
this resolution should voted down, and think, its present 
shape, ought be, could revived very readily, clear and 
concise form, setting forth what the Society really wants, and that 
does want some information the subject have doubt. But the 
resolution too broad its the same time, the 
hands proper committee, could made furnish very good 
results. just question whether should adopted this 
form voted down and modified resolution different one offered 
the next general meeting. 
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Mr. occurred that the work this Com- 
mittee not comparable the work the Cement Committee, 
the work the Committee the Preservation Timber. That 
gave the relative scientific value methods and materials, and 
the results the Committee were very important and strictly com- 
parable with this. gave the relative scientific value methods 
and materials. have doubt that the members this Society 
have found valuable. 

The motion before the house. Nobody 
has moved either issue ballots not issue ballots. Does any- 
body make motion? 

Mr. move that ballot not issued. 

Mr. second the motion. 

Mr. second the motion. 


‘tion.”) moved and seconded that letter-ballot not issued 


Vote 


Paints. 


the membership regards the proposed appointment committee 
the subject paints has been read you. Those favor 
that motion not issuing letter-ballot, please say aye. Those 
favor issuing letter-ballot, please say no. 

Mr. two-thirds vote called for. 

The Chair satisfied that the ayes are such 
volume that there question that there good deal more than 
third. anybody wants test the membership 

vote. 

The the ear the Chair acute enough 
distinguish that 

Mr. ear the Chair good enough for that. 

Mr. —Is one-third vote that shall not thing 
think voted down the issue the ballot, that the end it, 
without any two-thirds question. 

Mr. rise point order. There such motion 
provided for reference this committee the last one. The 
Constitution distinctly says that the question submitted 
the meeting is: Shall the question submitted letter-ballot 
the membership? That the only question that can prevail 
present. 

Mr. think competent for this meeting vote not 
take action the subject which action must taken, 
sense. 

Mr. think Mr. Morison’s point well taken. You 


cannot appoint committee. The motion has been carried 
majority. 
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The seems this mere question words 
and nothing else. The Chair cannot see, because the Constitution 
says that letter-ballot shall issued, etc., that means say that 
vote not valid because somebody moved that letter-ballot not 
issued. Itis exactly the samething, exactly the same meaning Eng- 
lish, and not see why not perfectly valid. Unless there 
appeal from it, the Chair will say that the vote stands, with the 
qualification that any member present doubts the vote, then will 
have standing vote. The Chair satisfied that the motion Mr. 
Moore, not issue ballot, carried. there objection, the 
vote stands. 


Mr. Secretary, have you got any routine business come before 
now 


The think not, sir. 

The you got any announcements make 

The sir; requested the members the 
Local Committee say that all those who have not secured invitations 
for the reception Friday evening should get them the office down 
stairs. also requested call attention the fact that the train 
which leaves to-morrow morning for the trip the Port Huron Tun- 
nel leaves o’clock sharp, Central time, the foot Brush Street, 
Grand Trunk Depot. The time-table given carefully the pro- 


gramme that you all have. But wanted call attention the fact 
that the start will made promptly. 


Adjourned. 


EXCURSIONS, ETC., DURING THE THIRTIETH ANNUAL CON- 
VENTION. 


The arrangements for the Convention were the hands the fol- 
lowing Committees: 


Committee the Board Direction. 


WISNER, 


Local Committee. 
Chairman. 


The transportation facilities were follows: From New York 
Suspension Bridge special train for members and their immediate 
families was provided free charge the Lehigh Valley Railroad 
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Company, Chas. Webster, Chief Engineer; Walter Berg, Am. 
Soc. E., Principal Assistant Engineer. From Suspension Bridge 
Detroit transportation was furnished the Wabash Railroad Company, 
Joseph Ramsey, Jr., Am. Soc. E., Vice-President and General 
Members from Boston and the East, well those from 
New York and from various points route, were accommodated 
these trains. Return transportation was also kindly provided the 
above companies. 

The Wabash Railroad Company, Joseph Ramsey, Jr., Am. Soc. 
E., Vice-President and General Manager, also furnished free trans- 
portation members and their families from St. Louis, Chicago and 
other points from which its lines would naturally used reaching 
Detroit. 

The Chicago and West Michigan Railway Company, and the Detroit, 
Grand Rapids and Western Railroad Company through 
Am. E., Chief Engineer, furnished free transportation 
many members from Grand Haven and other points Michigan 
Detroit and return. 

The Flint and Pére Marquette Railway Company furnished free 
transportation members desiring use its lines going the 
Convention and returning, and the Cincinnati, Hamilton and Dayton 
Railway Company, Wilson, Am. Soc. E., Chief Engineer, 
furnished free transportation over its line. 

Tuesday, July 26th, the afternoon, trolley ride around the 
city, tendered the Detroit Electric Railway Company, was largely 
attended. The Detroit Water-Works, the Park and many other points 
interest were visited. the evening, the courtesy the 
Detroit, Belle Isle and Windsor Ferry Company, there was enjoy- 
able moonlight excursion the river. 

During the afternoon Wednesday, July 27th, trolley ride 
Grosse Pointe and the Country Club was tendered the ladies 
the Detroit Electric Railway Company. 

Thursday, July 28th, the courtesy the Grand Trunk Rail- 
way Company, special train conveyed the members and their guests 
Port Huron, where they were transferred specially prepared 
train flat cars and taken through the Port Huron Tunnel and back 
again, thus affording excellent opportunity inspect this great 
work. returning Port Huron the party again boarded the special 
train and were taken the wharf. The return trip the city was 
made steamer provided the local members. Lunch was served 
board, and the trip down the St. Clair River, through Lake St. 
Clair and the Detroit River was greatly enjoyed all. 

various times during the Convention, and many cases 
special invitation, small parties, under the guidance local members, 
made visits the Water-Works, the Public Lighting Station, the 
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Power House the Detroit Citizens Street Railway, the Riverside 
Iron Works, the Michigan-Peninsular Car Works, the Detroit Bridge 
and Iron Works, the Russell Wheel and Foundry Company’s Works, 
the Michigan Stove Works, the Detroit Steel and Spring Works, the 
Detroit Dry Dock, the Wyandotte Yard the Detroit Dry Dock and 
Ship-Building Company, etc., well Belle Isle Park, Palmer 
Park, Grosse Pointe, the Country Club, the Detroit Club, ete. 

Friday evening reception was tendered the Society the 
Detroit Club. was largely attended and very much enjoyed. 


THE ATTENDANCE THE THIRTIETH ANNUAL 


CONVENTION. 
The following 234 Members were attendance: 
Amweg, J....... Philadelphia, Pa. Chapin, E............ Canton, 
B......... Detroit, Mich. Clark, V., Jr....Philadelphia, Pa, 
Auryansen, F..... Allentown, Pa. Clarke, C......... New York City 
Coit, Edward W...... St. Louis, Mo. 
Bacon, John W...... Danbury, Conn. St. Louis, Mo. 
Baker, Holland W....St. Louis, Mo. St. Louis, Mo. 
Baldwin, Ward........ Cincinnati,O. Walter W....... Chicago, 
Belknap, R....... Louisville, Ky. 
Benzenberg, H., Milwaukee Wis Hornellsville, 
Berg, Walter G....... New York City 
Davis, Charles........ Allegheny, Pa. 
New York City 
Dean, Luther........ Taunton, Mass. 
Bonzano, A....... Philadelphia, Pa. New York Cit 
Brackett, Dexter...... Boston, Mass. Eayrs, St. Louis, Mo. 
Braxton, Key West, Fla. John W.....Woonsocket, 
Brinckerhoff, W., Brooklyn, 
Brown, Charles C., Bloomington, Ill. Fisher, D........ Brooklyn, 
Buchholz, W...... New York City Edward........ St. Louis, Mo. 
Buck, .........New York City Force, G........... Cleveland, 
New York Foyé, Andrew E...... New York City 
Burrows, Geo. L..... Francis, Charles...... Davenport, Ia. 
Buxton, Clifford ......... Toledo, John R..Providence, 
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French, H....... Brookline, Mass. Knowles, Pa. 
Frick, Walter....... Carbondale, Pa. Ky. 
Fteley, Alphonse...... New York City 

Labelle, Henry F....Montclair, 
Goad, E........... Toronto, Can. Robt. W....Philadelphia, Pa. 
Goddard, W..Grand Rapids, Mich. Lewis, H....... Philadelphia, Pa. 
Goldmark, Henry..... Detroit, Mich. James F......... Chicago, 
Green, Howard B..... Buffalo, Lewis, P..... 
Green, Rutger B....Syracuse, W.S........ St. Louis, Mo. 
Greene, Ann Arbor, Mich. Mich. 
Guthrie, Edward B....Buffalo, G........ New York City 
Harris, M......... New York St. Louis, Mo. 
Harrod, M......New Orleans, Louis, Mo. 
Haupt, Lewis St. Louis, Mo. 
Hawks, Detroit, Mich. McMinn, New York City 
Hayt, T., Corning, MacLeod, John....... Louisville, Ky. 
Hazen, New York City Magovern, Branford, Conn. 
Hazen, John V....... Hanover, N.H. Boston, Mass. 
Hider, Arthur...... Greenville, Miss. Marvin, Lawrence, Kas. 
Syracuse, Mead, Elwood ..... Cheyenne, Wyo. 
Hodge, Detroit, Mich. St. Louis, Mo. 
Holbrook, Percy....... New York City Meyer, Henry New York City 
Horton, Horace Chicago, Hiram Clinton, Mass. 
Hotchkiss, Chicago, Thi. Miner, New Orleans, La. 
Hunt, Chas. York City Moore, Robt.......... St. Louis, Mo. 
Hutchins, H...... Pittsburgh, Geo. York City 
Jackman, H......... Chicago, Moses, JohnC Boston, Mass. 
Johnson, Albert L....St. Louis, Mo. Muenscher, W....Manistee, Mich. 
Johnson, St. Louis, Mo, Munster, W....... St. Paul, Minn. 
New York City Neumeyer, Bethlehem, Pa. 
New York City Newman, Jackson, Mich. 
Kingsley, W........ Nicholson, Covington, Ky. 
Kittredge, Geo. W....Cincinnati, Noble, Alfred...... IIl. 
Knapp, H.......... Buffalo, Northrup, City, Mich. 
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Oakley, Frank T...... Simpson, Geo. H..Terre Haute, Ind. 
Osborn, Frank C...... Cleveland, Skinner, W..New Brighton, 
Ostrander, E...... Amherst, Mass. Smith, Oberlin..... Bridgeton, 
Owen, James........ Montclair, Stair, Detroit, Mich, 
Stariing, Miss. 
Pardee, James T....... Cleveland, New York City 
Parsons, Geo, W....... Steelton, Pa. Chicago, 
Pearl, W...Benton Harbor, E......... Detroit, Mich. 
Pegram, H....... New York New York City 
Perrilliat, New Orleans, La. 
Milwaukee, Wis. Taber, Geo. A........ New York City 
... .New York City Talbot, Urbana, 
Potter, Alexander..... New York Taylor, Syracuse, 
Pratt, Robt. Rensselaer, Thacher, Edwin......Louisville, Ky. 
Prior, Minneapolis, Minn. Thomson, John..... 
New York City Thomson, Kennard.New York City 
New York City Throop, Augustus 
Niagara Falls, 
Rafter, Geo. W..... Rochester, Townsend, McD...Rock Island, 
Reece, Chicago, Philadelphia, Pa. 
Rice, Cleveland,O. New York City 
Richardson, B..New Orleans, Job....Grand Rapids, Mich. 
Ricketts, New York City 
Rockwell, Samuel........ Toledo, 
Rogge, New York City Waddell, City, Mo. 
Rundlett, St. Paul, Minn, Wallberg, Montreal, Que. 
Russell, St. Louis, Mo. Webb, Walter Pa. 
New York City Whinery, S.......... New York City 
Detroit, Mich. Whittemore, J...Milwaukee, Wis. 
Sawyer, Edward ..... Newton, Mass. Hoboken, 
Schneider, C....Philadelphia, Pa. Wiley, New York City 
Schuyler, D..... Los Angeles, Cal. Wilkins, Pittsburgh, Pa. 
Scofield, M....... Youngstown, Williams, G.S........ Detroit, Mich. 
Seaman, Henry B..... New York City Wisner, Geo. Y....... Detroit, Mich. 
Shankland, C........ Chicago, Ill. Woods, Robert P...... Wabash, Ind. 
The total attendance the Convention was follows: 
563 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society will open every day hereafter from 


except Sundays, when the hours will from 


MEETINGS. 


Wednesday, October 5th, 1898, 20.30 o’clock, regular meet- 
ing will held, which paper Theron Noble, Am. 
E., entitled Cedar River, Washington,” will 
sented. printed this number Proceedings. 


Wednesday, October 1898, 20.30 o’clock, regular meet- 
ing will held, which paper Arthur Adams, Am. Soc. 
E., entitled Stave Pipe—Its Economic Design and the Economy 


Its Use,” will presented. printed this number Pro- 
ceedings. 


DISCUSSIONS. 


Discussions the six papers presented the Thirtieth Annual 
Convention, July 26th-29th, 1898, will closed October Ist, 
These papers were the following: Experiments the Flow Water 
the Six-Foot Steel and Wood Pipe Line the Pioneer Electric 
Power Company Ogden, Utah.” Charles Marx, Am. Soc. 
Charles Wing, Assoc. Am. Soc. E., and Leander 
Hoskins, Determination the Safe Working Stress for 
Railway Bridges Wrought Iron and Steel,” Herbert Stone, 
Am. Soc. Marine Wood Borers,” Charles Snow, 
Am. Soc. and Dredging the Mississippi 
the Great Lakes the St. Lawrence Basin; Its Relation the Prob- 
lem Improving the Navigation these Bodies Water and 
Their Connecting Channels,” Captain Hiram Chittenden, 
With Mathematical Analysis the Influence Reservoirs upon 
Stream Flow,” James Seddon, Three-Hinged Masonry 
Arches; Long Spans Especially Considered,” David Molitor, 
Am. Soc. The first three these papers were published 


Proceedings for May, 1898, and the others Proceedings for June, 
1898. 
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ADDITIONS. 


Man., Metropolitan 

West Side Elevated 

Road, 260 Franklin 

St., Chicago, 

Engineer, Rochester 

Ry., Rochester, 


Pittsburg, 

Burton, Apartado No. 32, Mon- 


terey, L., Mexico. 
Coo.LeEy, Lyman Quincy St., Chi- 


Railways, Savannah, 
Medford, 
Hurry, -Cons. Atlas 
Cement Co., Bethle- 
JOHNSON, FRANCIS Almora, Leven, Fife, 
Gap, Tenn... 
WILLIAM State St. (Room 
105), Boston, Mass.. 
son St., 
Brook- 
lyn, Assoc. 
Engineering 
Bureau, Room 21, 
City Jersey 
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Date 
Membership. 


June 1898 


May 1898 
June 1898 
June 1898 


June 1898 


May 1898 


May 1888 
Mch. 1898 


June 1898 


June 1898 


Feb. 1889 
May 1898 


1898 


Sept. 1898 


Feb. 1897 
June 1898 


June 1898 
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Met. 

Ry. Co., 

621 Jun. Feb. 28, 1893 

City 

ton, Mass ......... June 1898 

JUNIORS. 

JOHN WALKER, JR...... Asst. Eng. St. L., 

Ry., Lock Box 

CLARENCE WILLIAM........... Water Office, Detroit, 

Kaun, JULIUS....... Asst. Engr., 


Hunt Co. (Res., 150 

72d St.), New 

Office, Canadian 

Pacific Ry., Mon- 


CHARLES JOSEPH..... Lock Box 671, Milton, 
May 31, 1898 


CHANGES AND CORRECTIONS. 


MEMBERS. 

Rapids, Iowa. 

Detroit, Mich. 

548 Neville St., Pittsburg, Pa. 

Asst. Chf. Eng., Ry. Co., St. 
Paul, Minn. 


Waterways, Champlain, 


a ‘ 
| 


LIST MEMBERS—CHANGES AND CORRECTIONS. 161 


Vice-Pres. and Chf. Eng., Genesee 
and Wyoming Val. Ry., Delano, 
Schuylkill Co., Pa. 


GEORGE GOODELL......... Valence St., New Orleans, La. 

GREENE, JOSEPH Bangor, Me. 

SMITH........... Lock Box 31, Crafton, Pa. 

GEORGE BLAGDEN......... 807 Fidelity Bldg., Baltimore, Md. 

Telluride, Colo. 

Ltd., Box Skagway, Alaska. 

Vol. Engrs., Jefferson Barracks, 
Mo. 

Brigade Headquarters, Anniston, 
Ala. 

No. St. Petersburg, Russia. 

Lawson, 1535 Emerson St., Denver, Colo. 

Norfolk, Va. 

Mosman, TYLER........ Asst., and Survey, Santa 
Paula, Ventura Co., Cal. 

LESLIE..............101 Milk St., Boston, Mass. 

4218 London Road, Duluth, Minn. 

Whitewater, 

TIMOTHY............... Ripley, Tenn. 

SUMNER .173 16th St., Portland, Ore. 

Stern, ....... Eng., Jackson Architectural 
Iron Works, 315 East 28th St., New 
York City. 

ALFRED WILLIAMS ..... Broadway, Room 1301, New York 
City. 

AUGUSTUS Wyncote, Montgomery Co., Pa. 

Warner, Epwin White Pass, Alaska. 
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ASSOCIATE MEMBERS. 


BERGENGREN, Chestnut St., Harrisburg, Pa. 


West 15th St., New York City. 

CHAMBERS, FRANK 402 Ormsby Ave., Louisville, 
Ky. 

CHESTER, JOHN Care Henry Worthington, Box 
14, Brooklyn, 

3721 Bouquet St., Pittsburg, Pa. 

Clarksburg, Va. 

LOVERING. 1106 Main St., Buffalo, 

Upper Union Mills, 33d St., Pitts- 

burg, Pa. 

Hew....... No. 100 Broadway, Room 10, 11th 
Floor, New York City. 

BEAUREGARD...... Care Continental Match Co., 
Passaic, 

Summit Hill, Carbon Co., Pa. 

JOSEPH EMORY Lodi, Bergen Co., 

Homer Civil Eng., N., Navy Yard, 
Boston, Mass. 

Van JoHN Capt., Vol. Engineers, Jeffer- 
son Barracks, Mo. 

McELDERRY........... State St., Syracuse, 

Guy 1232 Garden St., Hoboken, 


Wess, Civil Eng. Dept., University 


Pennsylvania, Philadelphia, Pa. 
........Chf. Eng. Dr. Salvador Malo Con- 
cepcion del Oro, via Laredo, 
Zacatecas, Mexico. 
Vanderbilt Ave., New York City. 


ASSOCIATES. 
sington, London, W., Eng- 
land. 
JOHNSTON, JOHN Cortlandt St., New York City. 
LINDENBERGER, ..89 Park Ave., near Clark Park, 


Detroit, Mich. 
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JUNIORS. 


Barney, Yards and Docks, 
Navy Yard, Boston, Mass. 

Baum, GEORGE..... Gas Appliances, Consolidated 
Gas Co. New York, Irving 
Place, New York City. 

Ry., Catawissa, Pa. 


GEORGE CONRAD......... West Genesee St., Buffalo, 

Box 236, Palo Alto, Cal. 

Forp, Care Consnl, Rosario, Argen- 
tine Republic, South America. 

JOHN LYLE.......... Bucyrus Company, South Mil- 
waukee, Wis. 

CREIGHTON Portage Ave., Sault Ste. Marie, 
Mich. 


R., Room 18, Union Station, 
Albany, 


BENJAMIN Care King Bridge Co., Cleveland, 
Ohio. 
THOMAS Care Berlin Iron Bridge Co., East 


Berlin, Conn. 
Spring St., Youngstown, Ohio. 


Reep, Jr........ Monroe Co., Pa. 

Henry ....... Hotel Heublein, Hartford, Conn. 

Co., Pittsburg, Pa. 

SHERMAN, CHARLES WINSLOW........ Hammond St., Cambridge, Mass. 

FETTER...... North 7th St., Paducah, Ky. 

Jr. .......Care Surveyor General, Olympia, 
Wash. 

Cedars, West Chop, Martha’s 
Vineyard, Mass. 

CHARLES JOSEPH.............. Lock Box 671, Milton, Mass. 

TRAVELL, East 11th St., New York City. 


Henry Fisher Bldg., Chicago, 
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DEATHS. 


FRANCISCO JAVIER Member May 15th, 1872 died 
July 7th, 1898. 


(Past-President).......... Elected Member Feb. 15th, 1871; 
died June 20th, 1898. 

Sir STANISLAUS....... Elected Member Dec. 2d, 1868; died 
Aug. 24th, 1898. 

STEPHEN Elected Jan. 30th, 1873; died 
June 6th, 1898. 

Elected Member Feb. 6th, 1878; died 
June 25th, 1898. 

JOSEPH Elected Member July 2d, 1895; died 
July 7th, 1898. 


July 4th, 1898. 
Member April 4th, 1883; died 
Aug. 2d, 1898. 
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AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 


PAPERS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS: 

Cedar River, Washington. 

Stave Pipe—Its Economic Design and the Economy Its Use. 

Memoirs Deceased Members: 


GAUGING CEDAR RIVER, WASHINGTON. 


PRESENTED 5TH, 1898. 


the summer 1895 the author was engaged the Seattle 
Power Company make the necessary plans, surveys, etc., for the 
installation water-power plant Cedar River, Washington, the 
object being transmit power Seattle and Tacoma. 

this time authentic information the discharge the 
river was available, except estimate made Mr. Benezette 
Williams for the City Seattle. Mr. Williams estimated that the 
minimum discharge was not less than 115 000 000 galls. hours, 
and that the maximum discharge was about 500 000 000 galls. 


hours, which would equivalent 177.93 and 320.8 cu. ft. per 
second, respectively. 


papers are issued before the date set for presentation and discussion. 


Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. 
volumes Transactions. 


The papers with discussion full will published the 
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the minimum estimate Mr. Williams, the accuracy which 
was somewhat doubtful, would not allow for much future extension 
the capacity the proposed plant, and the contemplated use 
water for power purposes would take most this discharge during 
extreme low water, the author that Cedar Lake, which 
about miles above the intended point diversion and contains 
200 acres storage area low water, used storage reservoir 
increase the flow during the dry season. 

determine the minimum flow the river and the storage 
capacity available the lake, series discharge measurements 
was made Clifford Bridge which crosses the river about 600 ft. 
below the proposed point diversion and miles above the 
mouth. Since September 13th, 1895, daily record the gauge 
height has been kept the same point. 

Before current meter was purchased, was thought that these 
measurements could taken with sufficient accuracy with floats and 
the made Kutter’s formula. For this purpose 
place was selected about 900 ft. above Clifford Bridge, where the 
cross-section and flow are comparatively regular for considerable 
distance. The bottom the river here contains good many boul- 
ders, ranging from ft. diameter, and the current slow 
and not broken the surface ordinary stages the river. The 
average cross-section, wetted perimeter, maximum velocity and slope 
were measured for different stages the river, and the discharge cal- 
culated formula, using 0.035 the value Four 
these discharge measurements were taken simultaneously with meter 
measurements Clifford Bridge, which made possible 
the true coefficient Kutter’s formula these two points the 
river where the character the bed very different. The results 
these calculations are shown Table No. 

The few float measurements that were taken indicate that this 
point there radical difference the value the coefficient 
roughness different stages the river. The error due assum- 
ing the value 48% for low stages the river. the 
highest stage measured this point the error only 15%, and 
probable that still higher stages, the error would disappear. 

will interesting note the value Kutter’s formula 
the point meter measurements which was 900 ft. below the 
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second. second. 


point float measurements, and which the character the 
river radically different. was impossible obtain the slope 
this point, the river, for about 200 ft. above, very much more 
rapid, and the velocity the current the point measurement 
must influenced considerably these rapids. The average slope, 
however, was taken for some distance above and below, take all 
irregularities near the point gauging. The value however, 
not materially affected any possible error the slope, change 
which would make appreciable difference. The following 
lated from Kutter’s formula: 


this point the river increases with the increase discharge 
about 700 cu. ft. per second, and then decreases with the in- 
crease discharge. cu. ft. per second the value re- 
mains nearly constant and about the same the lowest value 


the point float measurements, when discharging 356 cu. ft. per 
second. 
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Clifford Bridge the river-bed comparatively even sandstone 
formation with obstructions, except two three small boulders 
lodged near the north bridge pier. The river flows between two rock- 
filled log cribs, which form the bridge piers (Fig. Plate 
There was some leakage around and through these piers very high 
stages the river, but practically none when the flow was less than 
000 cu. ft. per second. The flow very high stages, given the 
diagrams and tables, more less error this account and also 
from the fact that when the discharge was greater than 176 cu. ft. 
persecond, Neither these causes, however, would 
materially affect the discharge below 000 cu. ft. per second. 

the point float measurement the stream represents very 
rough condition. The boulders form eddies and side currents which 
must seriously reduce the effective area discharge low water. 
would impossible estimate the nature extent this influence, 
which probably nearly fixed amount, and its effect the discharge 
becomes proportionately less, the area cross-section increases 
with the height the stream; whereas formula con- 
stant quantity. evident that any assumed value would not 
give equally correct results different stages the river 
different places the river the same stage. This discrepancy 
more pronounced rapid and irregular streams, and unless the 
channel very regular and the surfaces very smooth, impossible 
obtain accurate reliable results surface-float measurements. 
The irregularity the current rapid streams strikingly illus- 
trated the diagram, Fig. which the velocity the cur- 
rent Station 10, the point meter measurements, different 
stages and depths the river, platted. almost every stream 
there are numerous side currents, eddies and irregularities the flow 
which are caused obstacles and the unevenness the river-bed 
considerable distance above the point gauging, which would not 
accounted for the measurement the cross-section, etc., the 
point gauging. possible that, taking the cross-section and 
the slope measurements for sufficient distance along the river-bed 
develop more accurately the average condition the river, the dis- 
charge would found more nearly follow Kutter’s formula. This, 
however, would make the formula very cumbersome, many cases 
practically impossible solve, and would still leave the question 
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facilitate taking the meter measurements and soundings for the 
cross-section, platform was constructed and suspended from the 
bridge nearly possible right angles the direction the cur- 
rent and near the surface the water the river was safe. 
the up-stream face this platform was nailed graduated board, 
ins. the top edge which was leveled off and projected in. 


above the platform. From the top edge this board all horizontal 


and vertical measurements were taken. frame was constructed 


hold the sounding rod and the meter vertically the plane the 
cross-section while the measurements were being taken. 


groove 


| 
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GAUGE HEIGHT FEET 


VELOGITY IN FEET PER MINUTE 


the frame the rod meter handle was free move vertically the 
plane the cross-section, and the frame could horizontally 
along the platform the plane the cross-section any station de- 
sired. Fig. Plate XLVII, shows the operator with the meter and 
frame position the platform for taking velocity readings. 
Haskell’s current meter was used. The propeller wheel ins. 
diameter and designed make one revolution for every ft. 
current passing, the exact ratio being determined rating the meter. 
The meter was rated twice during the discharge measurements. once 


over 100-ft. course and once over 200-ft. course. The 100-ft. 
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course was measured No. steel wire stretched between two 
piles favorable locality. For the 200-ft. course, the wire was 
stretched between the wharf and pile 250 ft. distant. The place 
selected was well protected from the wind, and during the rating 
there was appreciable current the bay. Two buttons were 
soldered the wire exactly 200 ft. apart. These points were used 
stations, and the stop watch the velocity register was started and 
stopped while the meter the boat was passing. The meter was 
fastened vertical position frame the boat about ft. ahead 
the bow. The wheel was below the surface the water. 
each end the boat screw-eyes were fastened, through which the 
wire ran and which acted guides keep the boat line with the 


course and allow the meter pulled back and forth any velocity 


desired. attain high velocities long rope was attached the 
bow the boat, and man the wharf pulled the boat along the 
course. the 200-ft. course thirty-six velocity readings were taken, 
various speeds, from 363 ft. per minute, and from these tests 
the meter was rated. 

The cross-section the stream the point measurement 
shown Soundings were taken every ins. across the stream. 
the rod was always held vertical position the plane the 
cross-section, all the irregularities the bed the river this point 
were accurately developed. 


taking discharge measurements the cross-section was divided 


BOTTOM THE RIVER 
| 


Papers. NOBLE GAUGING CEDAR RIVER. 667 


into vertical sections ft. wide and the full depth the stream. 
the middle each these sections, velocity readings were taken 
depths varying from 0.2 ft. 0.4 ft. apart (depending upon the height 
the river) from the surface the bottom. The velocity readings 
each section were averaged and multiplied the area the section 
obtain the discharge. The discharge the river was obtained 
adding together the discharges all the sections. this manner 
discharge measurements were obtained for twelve different gauge 
heights ranging from 2.07 ft. 6.26 ft., and representing from 104 
2176 cu. ft. per second. account the force the current and 
the danger from floating logs, was not safe use the meter higher 
stages the river than the latter. The former measurement was 
taken the lowest recorded height which occurred while 
part the flow was being stored Cedar Lake during the construc- 


tion the storage dam atthe outlet. These measurements are shown 
Table No. 


TABLE No. MEASUREMENTS METER. 


Discharge 
section. board. second 
1895. 
141 | 96 | 67 105.72 60.5 2.40 | 170 
209 140 | 67 152.83 62.5 3.20 356 
131 90 109.78 60.5 2.40 | 166* 
Oct. 28th. 127 86 .68 108.37 60 2.27 | 1470 
Dec. 13th.... 572 409 aaa 818,92 70.1 6.26 | 2176 
| 


Taken when water was being stored Cedar Lake. 


From these measurements the stream was calibrated, giving the 
discharge terms the gauge height. The fluctuations the dis- 
charge from August 10th, 1895, July 1st, 1898, are shown the 


diagrams Figs. and (continued). The monthly average given 
Table No. 
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TABLE No. DISCHARGE AND 
| | | 
| | | 
| | | 


Drainage area Cedar River square miles. 


The greatest flow, 4695 cu. ft. per second, occurred November 
15th, 1896; the minimum natural flow, 138.3 cu. ft. per second, 
oceurred October 1895. The maximum average monthly flow, 
216 cu. ft. per second, occurred during December, 1896; the mini- 
mum average monthly flow, 163 cu. ft. per second, occurred during 
October, 1896. The average discharge from August Ist, 1895, 
August Ist, 1896, was 846 cu. ft. per second; from August Ist, 1896, 
August 1897, cu. ft. per second; from August Ist, 1897, 
August Ist, 1898, 802.6 cu. ft. per second. 

The drainage area Cedar River has never been entirely surveyed. 
The upper part the heart the Cascade Mountains. Two 
parallel ranges mountains, spurs the main Cascades, running 
westerly direction, form the valley Cedar River. The mountains 
extend within miles the mouth the river one side, and 
the mouth the other side. Except near the summit the 
Cascades the head waters the river, the mountains are heavily 
wooded with fir, cedar and hemlock. Between the summits the 


two ranges the valley from miles wide. The upper portion 
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the drainage area high and precipitous, the mountains ranging 
from 000 000 ft. above sea level. Cedar Lake, which about 
the center the drainage area, 600 ft. above sea level. Fig. 
Plate shows Cedar Lake looking east from west end the 
lake. 

The portion the drainage area below Lake varies 
from ft. above sea level. The mountains the 
lower portion the valley merge into series high hills, which 


| 
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are not precipitous. Lying between the mountains there con- 
siderable portion level land, and benches which are very heavily 
timbered. The run off (see Table No. and the diagram, Fig. 
calculated assuming that the drainage area above Clifford Bridge 
143.5 square miles. This correct except the upper 
unsurveyed portion the valley. 

direct information available the precipitation Cedar 
River valley. During 1896 continuous record was kept Monte 


ine! | | | | 
Ss | | | | | | | 
| | | | 
2S SS Yi | 
| ® Yj : 
QQHAA 
| 
J 
| ZG 
| YG 
| 


672 NOBLE GAUGING CEDAR RIVER. [Papers. 


Cristo, which miles north Cedar River, and occupies about 
the same relative position the mountains the center the 
drainage area Cedar River, and subject practically the same 
climatic conditions. the diagram, Fig. the monthly average 
precipitation this point plotted with the monthly run-off 
Cedar River drainage area, show the probable relation between 
precipitation and run-off this region. During the winter months, 
while the snow accumulating the mountains, the precipitation 
very much excess the run-off; the spring, while the snow 
melting the mountains, the run-off much greater than the pre- 
cipitation. 

The amount evaporation would very difficult determine, 
the precipitation varies greatly different parts the basin, and in- 
numerable stations would required order get the average 
condition. not likely, however, that there much loss 
evaporation, during most the year the air the mountains 
near the point saturation and the sky overcast. 

interesting study the influence land surfaces precipita- 
tion afforded the records the signal stations the Puget 
Sound region, between the summits the Cascades and the Pacitic 
Coast. the fall, winter and early spring the prevailing winds 
are from the southwest, over the Pacific Ocean. the sea coast, 
the States Washington and Oregon, they first come contact with 
land surfaces, and the precipitation enormous. Cape Flattery 
and Clear Water, where the mountains reach down the coast, 
ranges from 100 130 ins. per annum. From the sea coast the lower 
air currents, passing into the Sound country, follow the depres- 
sions between the ranges mountains. The northern passage 
through the Straits Juan Fuca, between the Olympic Mountains 
the south and Vancouver Island the north, and the air currents 
coming from the ocean over this course pass succession east- 
erly direction the following signal stations: Clear Water, Tatoosh 
Island, Pysht, Port Angeles and Coupeville, the latter being the center 
the Sound region. following the southern course the air cur 
rents first strike the coast between the mouth the Columbia River 
and Gray’s Harbor, taking northeasterly direction around the south- 
ern end the Olympic Mountains, and then northerly direction 
between the Cascades and the Olympic Mountains, passing succes- 
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sion the following stations: South Bend, Olympia, Tacoma, Seattle 
and Coupeville. All these stations are sea level and the difference 
precipitation cannot accounted for difference elevation. 
Table No. will noticed that the precipitation almost invari- 


TABLE No. THE REGION. 
MEASUREMENTS INCHES. 


Eleven months, January not 


ably increases from the sea coast the center the Sound region, 
Coupeville, along the courses mentioned. From the coast the Sound 
east towards the Cascades the precipitation rapidly increases again 
and apparently reaches its maximum the summit. The actual 
run-off from the drainage area Cedar River, allowing for the loss 
evaporation and the decrease precipitation toward the lower por- 
tion the drainage area, greater than any station the Sound 
region which records are kept. the summit the Cascades the 
precipitation must very great, possibly much 200 ins. per 
annum. 

common belief that there some more less well-defined 
relation between the amount rainfall and the elevation the local- 
ity above sea level. The record precipitation Puget Sound 
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striking illustration the fallacy such supposition. Clear 
Water, the sea coast, the precipitation greater than Monte 
Cristo, which 700 ft. above tide water, the heart the moun- 
tains directly east Clear Water. Though precipitation most cases 
greater higher elevations than the adjacent valleys, would 
not safe apply this rule all possible combinations and climatic 
conditions. very doubtful there any relation that would 
the same for different localities for different periods time the 
same locality. The increase precipitation the higher elevations 
largely influenced the fact upper air currents pass over 
the intervening land surface high enough out reach its in- 
fluence and reach the mountains saturated condition, thus caus- 
ing the great precipitation. 

The question precipitation not generally much value the 
practicing engineer, because the many influences governing its 
amount and variation different localities, and the impossibility 
securing data which will give reliable basis for the calculation the 
actual discharge The only excuse for touching the 
subject this paper bring out some features peculiar the 
region about Puget Sound, which are unusual, and will perhaps 
interesting indicating the futility attempting establish any 
relation between the run-off and the precipitation. 

behooves the engineer whose work depends upon the value 
character the discharge any stream, determine actual 
measurement the fluctuation discharge covering sufficient period 
time develop any unusual conditions that are liable occur, 
and the longer the period time the observations cover, the greater 
their value. adjacent drainage basins, where the topography 
the country and the climatic conditions are practically the same, the 
discharge will subject the same fluctuations, and likely that 
the amount discharge will nearly proportional their relative 
drainage areas. This quite clearly shown paper Babb, 
Jun. Am. Soc. which the average monthly discharge the 
drainage areas the Croton and Sudbury rivers are plotted the same 
diagram. Even this relation, however, would not hold good their 
respective areas were too large subject the same climatic 
influences. 


Transactions, Am. E., Vol. xxviii, 331. 
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reference the discharge rivers and streams, most valua- 
ble service being rendered the engineering public the United 
States Geological Survey, collecting and publishing the results 
discharge measurements numerous streams the United States, 
made the department and others. 

record the discharge stream much value unless 
covers series years, but very seldom that the development 
enterprise can postponed for the length time required 
obtain the upon which the most important features the scheme 
may depend. The result that the engineer cannot get the desired 
information from some reliable source, compelled make esti- 
mates, and these can have but little confidence, for some 
unexpected flood dry season sure come sooner later and 
entirely upset his calculations and possibly cripple the value the 
plant. seems particularly fitting that the government should 
undertake and carry out this work, the case very exceptional 
where the engineer position take observations covering the 
long time necessary secure data much practical value. 
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STAVE PIPE--ITS ECONOMIC DESIGN AND THE 
ECONOMY ITS USE. 


This subject, one more its aspects, has been briefly dwelt 
upon various times engineers when describing the construction 
hydraulic works involving the use pressure pipe this type, but 
full discussion the various practical and economic problems in- 
volved stave pipe design, and the determination its real place 
among standard types pressure pipe have yet appear. 

The great dissimilarity practice indicates very general un- 
familiarity with the principles involved, much difference opinion 
regarding their practical application. That there need for better 
understanding these principles, and the correct limitations 
the pipe’s successful and economic usefulness, apparent from the 
not infrequent partial disasters that have attended its attempted con- 
struction. That has to-day place among standard types con- 
struction apparent from the remarkable degree favor accorded 
everyone who has used intelligently. The author firmly believes 
that the use this pipe, now chiefly confined tothe West, destined 

papers are issued before the date set for presentation and discussion. 
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volumes Transactions. 
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receive greatly extended recognition among engineers everywhere. 
These considerations seem sufficient warrant this presentation, 
which hoped may serve starting point for the evolution 
clearer and more generally accepted ideas relative, not alone the de- 
tails stave pipe design, but the broader question the compara- 
tive economies different classes pressure pipes, question which 
recent important experiments and accumulating experience have done 
much reopen argument. 

treating the subject, the author proposes discuss the essential 
considerations stave pipe design, and some the practical and 
theoretical limitations imposed. Supplemental thereto study will 
made several existing pipe lines, with reference the details and 
factors used and the attendant results, and, finally, having outlined 
simple and rational method for making safe and economic design, 
comparison will made between the leading types large pressure 
pipes, with reference their relative first cost, durability and carry- 
ing capacity, from which the author will seek determine the rightful 
place stave pipe economic construction. 

General Type Considered.—At first stave pipe was principally used 
for pen stocks the development water power, and was built 
tapered sections which were put together after the manner stove 
pipe. Apparently the first instance its use continuous tube was 
the 6-ft. penstock constructed Manchester, H., 1874, 
Fanning,* Am. E., and which still doingservice. Round 
bands were suggested certain letters patent early 1880, and 
were first put into extensive use Denver, Colo., The partic- 
ular type referred this paper that which has been thus evolved, 
pipe which built continuously the trench staves 
variable length, having radial edges and concentric faces, and which 
are held together metal bands usually circular section and spaced 
accordance with the strains imposed. 

Essential Considerations.—In former contribution the 
the following appears: 


the design wood-stave pipe, the following essential points 
require consideration: The staves must thin enough secure com- 
plete saturation and deflect readily the degree curvature em- 
ployed, and they must thick enough prevent undesirable 
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percolation through them. The bands must such size that, when 
spaced secure the desired factor safety against rupture, there will 
the same time sensible flexure the staves and destruc- 
tive crushing the fiber beneath the bands. While fulfilling these 
conditions, the proportion between the thickness the staves and 
the strength and spacing the bands must such that the swelling 
the wood will not produce injurious strains upon what might other- 
wise properly proportioned band.” 

These are the primary considerations, generally stated, which 
should govern all design, and the author believes will profitable 
consider them more detail, point out some the limitations 
each, the effect certain practical considerations, and reduce the 
whole form easy application. this intelligently clear 
conception the nature and source the probable strains set 
the construction and operation the pipe should first secured. 

Sources Strains.—The tensile strains resisted the bands are 
from three sources: 

(1) The initial strain, caused cinching during construction. 

(2) The pressure the water within the pipe. 

(3) The swelling the staves. 

The strains resisted the staves are from the following sources: 

(1) The compressive strain the bands. 

(2) The compressive strain upon the edges adjoining staves. 

(3) The pressure the water producing flexure the staves be- 
tween adjacent bands. 

The fact that most these strains, their amount and importance, 
are more less inter-dependent makes any separate determination 
the values each impossible without coincidently determining the 
nature their mutual relation under some variety conditions. 

Cinching evident that secure pipe that shall 
tight, practically so, when first filled, the initial cinching strain must 
sufficient extent produce: 


(1) degree compression per square inch between the staves 
excess the water pressure. 

(2) uniform contact between the band and all the staves; and, 
the band curved section, sufficient indentation the wood 
afford the band bearing contact sufficient area resist, without 


further immediate indentation, the water pressure incident the fill- 
ing the pipe. 


ser 
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these conditions are not complied with, evident that leakage 
must ensue until the necessary compression between the staves and 
the requisite area contact between the bands and the staves are sup- 
plied the swelling the staves. Whether this will accomplished 
not will depend chiefly upon the degree seasoning the staves. 
That the question seasoning, securing tight pipe, long the 
staves are uniform, relatively unimportant, with proper cinching, 
seems follow logically, though the practical difficulties incident 
the handling and shipping the heavier green timber, and the pre- 
vention unequal shrinkage before getting the staves into the pipe, 
usually make the least partially seasoned timber the cheaper. 
apparent that back-cinching, degree producing greater com- 
pressive strain than essential the foregoing requirements, that 
extent needless addition the cost erection and the band strain. 

Owing the friction between the band and the staves, and the 
compressive resistance the wood, not found possible practice 
secure the necessary contact, under band curved sec- 
tion, screwing the nut the end the band, without inducing 
objectionably high strain. accomplish the result better 
way, the band usually pounded vigorously all points, simul- 
taneously with the use the wrench. Such practice highly 
commendable, and is, indeed, usually essential, tends secure 
the proper degree indentation with the least residual tensile strain 
the band consistent with securing the requisite compression between 
the staves. 

Just what this cinching strain usually amounts practice 
depends upon the character and manner doing the work, and is, 
probably, variable individual judgment. far influences 
the success the work, believed that the foregoing sufficiently 
elucidates the principles involved. its effect upon the final work- 
ing strain the band, will shown later that considerable varia- 
tion practice within reasonable limits will not seriously affect the 


final stresses, though, doubtless, much affecting the temporary strains 
resulting first filling. 


Water Pressure Strain.—The strains induced the bands the 
pressure the water within the pipe are susceptible positive deter- 
mination, and the methods their solution are too well known 
require any explanation herein. 
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Strains from Swelling Staves.—The additional strain caused the 
swelling the staves less easily determined, and exists only within 
certain limitations the first afore-mentioned source strain. 

With swelling timber, with steel spring, may assumed that 
its expanding power, given stage compression, well within 
what may called its elastic limit, measured the load necessary 
produce that compression under like conditions. Hence its ulti- 
mate swelling power, given degree compression, the measure 
its ultimate resisting power. also influenced the hardness, 
direction grain and such other conditions affect the compressive 
strength timber within its elastic limit when resisting forces applied 
across the grain. 

If, then, the staves pipe compressed laterally the bands 
beyond the elastic limit the saturated wood, there can swell- 
ing the staves, and, consequently, increased strain the bands 
from this source. the contrary, farther compression the fiber 
will result until equilibrium established between the compressive 
strain and the sustaining power the wood; and the sustaining 
power below that requisite resist the pressure the water, leak- 
age will, course, result. If, the other hand, the compression 
less than the corresponding swelling power the wood the degree 
seasoning and compression used, the timber will, swelling when 
wet, develop expanding power some degree commensurate with 
the ratio the volume the uncompressed saturated stave the 
same when compressed the degree used, which expansion, course, 
induces correspondingly increased strain the bands. 

Thus there results the rather remarkable condition that the 
bands, resisting the water pressure, tax the staves beyond the limit 
their permanent compressive strength, they, yielding, release 
the excess pressure, and leakage results, and less required 
them than the most they are capable giving, they force the band 
take all the additional strain they are capable exerting. 

The amount additional band strain thus induced is, doubtless, 
nearly proportional the area contact between the staves the 
straight seams. The avoidance unnecessary thickness staves, too 
long band spacing and the providing such area contact be- 
tween band and staves shall give necessary working compressive 
strain the wood, not excess its permanent resisting strength, 
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and only sufficiently below make certain its not being exceeded 
the water pressure, ought, therefore, commend themselves 
prime essentials avoiding unnecessary and perhaps injurious band 
strains. 

The special advantage band curved section, contrasted 
with flat band, now becomes apparent, since the former perma- 
nent compressive strain the provided sufficient produce 
decided indentation. The swelling the staves, any, and the 
accompanying increased compressive strains beneath the band are, 
therefore, followed farther yielding the wood; and the band 
strain increases, the area contact with the band increased the 
farther indentation the stave. With flat bands the unit compressive 
strain beneath them would almost invariably low that inden- 
tation the stave would result, and swelling strains the full exert- 
ing power the wood would added the band strains arising 
from other sources. 

Temporary and Permanent the foregoing appa- 
rent that the strains resulting first filling pipe, temporary 
strains, the necessary strains for permanently maintaining pipe 
under pressure, and the permanent strains finally obtaining the pipe, 
are three separate and usually very different quantities. 

The permanent strains band are evidently the sum those 
induced final cinching, water pressure and the transverse 
swelling the staves, subject only the limitations imposed the 
sustaining and swelling power the wood when saturated. 

The band strain necessary maintain tight pipe has already 
been shown that requisite resist the water pressure and 
maintain any excess pressure between the staves needed prevent 
seam leaks. 

The temporary strain induced first filling sum the final 
cinching strain, the water pressure strain, and that arising from 
swelling the staves, subject only the limitation the immediate 
compressive resistance the wood under the band while still dry, 
limit scarcely reached any proper construction. 

Strains Staves.—In discussing the causes and effects 
band strains, the character the strains resisted the staves have 
been made sufficiently plain. Their further influence upon proper 
design will considered later. 
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Equations Deduced.—In the following equations for the various 
strains previously considered, the symbols used are follows: 

=the internal radius the pipe, 

=the radius the band section, 

spacing the bands between centers, inches, 

tensile strain the band, pounds, 

safe tensile strain the band, pounds, 

=the permanent sustaining power the staves, pounds per 

lineal inch band, 


=the temporary sustaining power the staves, pounds per 
lineal inch band, 

=the permanent swelling force the wood, pounds per 
square inch, 

the temporary swelling power the wood, pounds per 
square inch, 

=the water pressure, pounds per square inch, 

=the safe bearing power the wood, pounds per lineal 


inch band, 
=the additional strain induced band cinching in, pounds. 
The least band strain induced water pressure 
The permanent band strain induced swelling staves 
The least permanent strain the bands tight pipe 


have the least permanent value for tight pipe when 
P < 


which the equation generally used for computing band strains for 
all pressures. 


The least temporary band strain induced first filling tight 
when 


the 


fac 
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the equation becomes the same (2). 


From the foregoing the following equations, convenient for appli- 
cation, are deduced: 


When 
When 


(R+ 

Inasmuch stave pipe has never been used under heads where 
the value greater than since, will subsequently 
seen, has not great economic value under such heavy pressures 
under lighter pressures, formulas (C) and (D) have great practi- 
cal value. 

Sustaining and Swelling Power Staves.—In order make use 
the formulas, essential that proper values determined for 

Since the sustaining power wood depends upon the degree its 
permissible compression within the limit its ultimate crushing, 
necessary assume sonie fixed amount stave indentation 
basis for determining the probable values and Now, the 
actual process pipe construction, has been frequently observed 
that indentation equal one-eighth the radius round band, 
such sizes other considerations render suitable for use, may 
produced the stave without breaking the fiber, while any consider- 
able increase beyond this point has destructive effect. This degree 
indentation gives bearing surface equal half the diameter 
the band, which may, therefore, assumed the greatest that can 
safely obtained. 

considering contact between cylindrical bodies and the flat sur- 
faces saturated timber, the ordinary experimental data relating 
flat surfaces having uniform contact with seasoned timber are scarcely 
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applicable. The scarcity experiments influencing the correct de- 
termination these values regretted, and hoped will yet 
supplied. far the author aware, the only experiments 
available are those made Henny,* Am. Soc. 
further study these experiments forecasts some interesting conclu- 
sions regarding these values, and additional light derived from 
study the strains prevailing some existing pipe lines, will 
shown later. The experiments mentioned were made determine 


the swelling power Oregon yellow fir.” For convenience, the 
results are here given: 


TABLE No. 
= 3 & 2 | | 
Section No. 
Feb. 750 288 456 Initial strain before sub- 
# 7 2 750 167 265 1060 | 
525 153 243 970 
Section No. 
500 145 580 the strain indicated. 
550 150 600 
Section No. 
” 11 1 200 3 | 116 460 
Section No. 
Apr. 450 170 Band was first drawn 
400 135 540 tension 000 Ibs. 
2000 121 192 770 the strain indicated. 
May 900 115 730 
900 115 183 730 
109 173 690 
700 108 164 660 


these experiments the bands were depressed into the staves until 
bearing half their diameter was secured. 


Astoria City Water-Works.” Transactions, Vol. xxxvi, 18. 
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experiment No. with Section will noted that very 
heavy initial tension was put upon the band, which the staves after 
being immersed could longer withstand. The resulting compressive 
strain resisted the staves under the bands accordingly fell from 458 
lbs. per lineal inch band 243 970 lbs. per square inch 
contact, which point became stationary, although, the staves being 
this stage probably incompletely saturated, longer immersion 
might have resulted producing slightly lower permanent resist- 
ance. The result strongly indicative that this pressure 970 Ibs. 
per square inch contact the utmost that practice can 
permanently resisted the staves, while the subsequent experiments 
show that hard cinching and full band-bearing here used are 
necessary secure nearly high resistance. will noticed 
later, the correctness this general deduction practically substan- 
tiated study some existing structures. 

The resulting compression between the staves this experiment 
seen 153 lbs. per square inch, figure from which conclusion 
can drawn other than that the diminution the band strain must 
have been the result yielding under the band rather than between 
the staves. 

Experiments Nos. and with the same section, which the 
band tension was successively released means the wrench, are 
evidently well calculated determine the approximate swelling force 
exerted laterally the staves. The staves having been compressed 
for period two weeks, degree under the bands well beyond 
the limit the wood’s elasticity, evident that very slight 
lengthening the band unscrewing the nut would immediately 
followed the partial entire release the band strain. The amount 
lengthening necessary for this result would doubtless but asmall 

fraction the total of, say, expansion swelling, which the 
kiln-dried timber would capable, unresisted. The staves, not 
having been compressed laterally the previous experiment 
degree any way calculated impair their swelling power, were 
then free develop this power the utmost within the limit their 
ultimate bearing power under the bands, which the previous experi- 
ment has shown not less than 970 lbs. per square inch con- 
tact. the first release the band strain, No. the staves 
developed swelling power lbs. per square inch. second 
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release, they developed power per square inch, the power 
diminishing, might expected, the wood gradually approached 
its full unrestrained proportions. 

The experiment with Section confirmation the results 
derived from experiment Section The pipe was but slightly 
cinched after the band had been brought proper bearing. The 
staves developed swelling power lbs. per square inch, figure 
almost identical with that given the previous experiment, while 
the resulting compressive strain under the band, 620 lbs. per square 
inch, was not such under the prevailing conditions likely 
cause degree yield which would vitiate the result. 

far they go, these experiments demonstrate (1), That with 
proper degree compression, ultimate permanent pressure be- 
tween 900 and 000 Ibs. per square inch contact with the band may 
resisted thestaves. This result may probably conservatively 
assumed obtain the use all bands prevailing sizes, and 
staves without regard the character the grain. (2) That the 
ultimate swelling power the wood may taken from lbs. 
100 lbs. per square inch stave contact straight seams, result 
which may effected the spacing the bands, since slight flex- 
ure the stave would tend release the strain instead transmit- 
ting the bands. (3) That for water pressures exceeding, say, 
lbs. per square inch, and probably considerably less, hard cinching, 
rather than the swelling the wood, must relied upon maintain 
atight pipe. (4) That the yielding quality the wood renders hard 
cinching not seriously objectionable its effect upon final band 
strains with the usual factors safety the band and when working 
reasonably close the ultimate compressive resistance the 
stave. 

has been observed practice that the difference the com- 
pressive strength Douglas fir and redwood not very great, when 
both are saturated, for present purposes distinction will made 
between them. 

One the most important points determined from the fore- 
going the maximum value which can used with entire safety 
designing pressure pipe. will shown later that pressures 
high 1100 lbs. per square inch have been successfully used under 
favorable conditions, but the logical conclusions drawn from the pre- 
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vious discussion, well some results from actual experience given 
later, strongly indicate that such assumption insufficiently con- 
servative for entirely safe construction. With thorough compression 
the bands into the staves, well-seasoned lumber, skilled construc- 
tion and entire immunity from water-hammer, would seem that this 
value should not taken much, any, above 800 lbs. per square 
inch, while subject any considerable pressure, 
doubtful constructive skill, much lower figure should used. 

view the foregoing, the following values are assigned for use 
the formulas previously given: 

for }-in. bands, when the fiber fully compressed 

(960 per square inch). 


=say 500 the absence any experiment. 

for 12-in. band spacing. Assumed 100 lbs. for all 
spacings. 

120 for 12-in. spacing. Assumed 125 lbs. for all 
spacings. 

equivalent per square inch band contact less, 


Determination the Proper Size and Form Band.—Before making 
use any formula for the determination proper band spacings, 
necessary determine the size and form section the band 
that will most economically fulfill the requirements any par- 
ticular hand. The selection will influenced the follow- 
ing considerations Bands less than in. diameter are not suitable 
for use chiefly because torsional weakness and difficulty upsetting. 
increase the permissible value may obtained without in- 
crease metal section band using oval form, which can 
obtained only slight increase cost above the rounds similar 
weight. The price per pound for the bands less for the heavier than 
the light sections. The use upset rods rolled threads always 
economical, the latter being usually preferable because the more 
perfect workmanship. The heavier the bands used, the fewer 
handled, the less the cost for both material and labor and the better 
the condition the band section for resisting corrosion, though the 
added stiffness increasing the difficulty placing will the larger 
sizes partially offset these advantages. 


Referring the formulas for band spacing, seen that economy 
the use the steel requires the selection band such sectional 
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closer spacing—more steel—than the pressure requires, order 
secure sufficiently low value for 

writing the greatest value for any given band 
section that can used consistently with desired value may 
determined; and substituting for and their proper values cor- 
responding bands various standard sizes, the limitations the 
economic use each may ascertained, thus: 


s 


ARE APPLICABLE WITHOUT EXCEEDING 650 750 
LBS. FOR 


=m | © o> 

8 725 “ 183 20.4 211 “ 17.65°* 


factor greater than must therefore used the steel de- 
signing pipes smaller diameter, bands round section are used, 
and the specified values are not exceeded. The band strains 
used are readily determined the same formula before indicated: 

the use band oval section, greater bearing surface 
secured between the band and the stave with the same degree in- 
dentation, thus permitting the use less steel for given values 
designing pipes small diameter. For this reason they have been 
already introduced and used the Excelsior Wooden Pipe Company 
San Francisco number pipe lines, though not with the 
economy that would now attend their use, manufacturers have 
not until recently been able quote the present figures, which are 
but little excess the price for rounds. These conditions will 
doubtless lead the general use the oval section small pipes, 
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TABLE No. 3.—Greatest Banp WITH SPECIFIED 


Bands. 


- | 
122 650 Ibs. per square inch. 140 Ibs. 750 Ibs. per square inch. 
866 Ibs 7.6 994 Ibs 6.1 


though any departures from the round sections have the disadvantage 
exposing greater relative surface corrosive action. 

The use oval section the above cases would result 
saving about 17% the steel. 

Band accordance with the foregoing, the proper 
band determined for pipe given diameter, formulas 
may once applied determine the proper spacing for any 
pressure and thickness stave, the selection for any case being made 
observing the relative values first and and then and 

Requisite Thickness Staves.—The staves must thick enough 
prevent percolation, resist undue flexure with the band spacing 
adopted, prevent cracking crushing quarter-sawed staves 
during the process cinching, and afford the rigidity necessary 
support the weight the pipe and back-filling without distortion. 
With these requirements met, the staves, for reasons already men- 
tioned, should thin possible. 

Concerning percolation through the staves, the author has already 
pointed out that using Douglas fir under pressures excess 
about ft., vertical and bastard-grained staves only should used 
the staves are ins. thickness. With this precaution trouble will 
not arise from the splitting quarter-sawed staves, and this thickness 
will found sufficient resist percolation any pressure under 
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which stave pipe likely used. Redwood, being finer grain, 
gives trouble from percolation. 

the size band for pipe any diameter, and the band spac- 
ings are determined accordance with the foregoing principles, 
staves the thicknesses generally used will always safe against 
undue flexure maximum spacing ins. adopted. This 
means extravagant assumption, since this spacing will most 
cases correspond very light water pressure and when design- 
ing pipe large diameter, the band selected gives unnecessarily 
large factor under light heads with this spacing, smaller band can 
substituted. 

practical consideration that has influenced very properly the 
thickness staves the desirability running them from timbers 
commercial sizes. Thus, enabling the mill dispose rejected 
pieces, lower price the accepted staves secured. 

The practice running staves from ins. ins., ins. 8ins. and 
ins. ins. stock nearly meets the economic requirements pipes 
designed accordance with the foregoing principles, which require- 
ments will, however, little better conserved ins. ins. 
used for the smallest diameters, and the odd size ins. 
used for certain sizes pipes intermediate between those for which 
ins. ins. and ins. ins. are used. 

careful study these and other requirements points the fol- 
lowing being for general use the best balance between the various 
influences affecting the relation between pipe diameters and the size 
stock for staves, the staves each case being run thick the 
stock will permit. 


Pipe diameters. Stock sizes. 


Suggested Standard Designs.—Assigning the conservative value 
650 
the author ventures submit the following table pipe dia- 
meters, with the corresponding stave thicknesses and character 
bands, which, for the conditions general use, believes 


closely accord with sound theory and economic practice the 
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present state investigation and the constructive art will permit. 
The economy these relative proportions somewhat influenced 
the locality construction affecting freight rates the steel, but 
not serious extent. Should desired use some other value 


than that designated, the needed modification can made with- 
out difficulty. 


TABLE No. 4.—Economic FoR 


| 


Nominal 


ter. staves. bands nent ban and. 650 
strain). 
| r) 
Inches Lbs. Lbs. 
20 2 6 13 Ys 650 4 
54 * 23 4 600 4 
60 xg * * 4 600 4 
72 3 = 8 3 “ 6 600 4 


Some Existing Pipe Lines.—In seeking data concerning pipe lines 
already constructed, the author has encountered the customary indif- 
ference unwillingness the part many engineers divulge 
anything pertaining the methods used the design and execution 
the work done under their supervision. Especially has this been 
the case where defects serious nature have developed. This is, 
course, matter for regret, since the most instructive deductions can 
usually made from such experiences. Chief among the works 
which might well made instructive the profession, but which, 
for the above reasons necessarily here omitted, the 36-in. and 38- 
in. outfall sewer the City Los Angeles, Cal. 

the other hand, the author wishes express his grateful recog- 
nition the courtesies extended those engineers whose apprecia- 
tion the advantage the profession arising from general discus- 


sion engineering subjects engineers has largely made possible 
the preparation this paper. 
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From the many existing lines stave pipe, twelve have been 
selected for presentation. These, will observed, cover great 
range both size and pressure, and are, with some exceptions, char- 
acteristic the best practice prevailing the time their construc- 
tion. There would little gained pointing out defects design 
nature that would patent any intelligent person, for which 
reason cognizance taken any existing pipes that have been 
designed constructed foolishly. 


Table No. 5is believed self-explanatory, the light the 
previous discussion. The chief interest centers the unit band 
strains used, the probable effect upon these the swelling the 
staves, and the necessary compressive resistance the staves. 
the latter, is, course, the maxima that are chiefly interesting, and 
these, for reasons already made plain, are usually found pipes 
relatively small diameter, since with large pipes other considerations 
lead lower values. 

Band Strains.—The factors used proportioning the spacing 
the bands, disregarding the strains induced swelling timber, vary 
from 1.64 10.45, while the factors resulting from consideration 
the stave swelling range from 1.30 4.35. This latter source 
strain seems have received recognition design previous 
1895. Since then, the design the Los Angeles, Astoria, Hollister, 
and West Los Angeles lines, modification the band spacings has 
been made for the lighter pressures recognition this strain, 
being, however, ignored where spacings became less than ins. 
the St. Paul line, while not clear what general assumptions 
have governed the determination the band spacings, the factors 
used indicate some recognition these strains. 

Any estimate the strains due the swelling the staves under 
the maximum band spacing the Provo line has been omitted. 
ins. thickness, pressure 211 lbs. per lineal inch band 
the stave and lack hard cinching during construction, 
doubtful such strain exists considerable extent. 

The Caldwell, Phillis, pipe was bold design originally built, 
and the only instance known the author where pipe bands were 
actually broken the swelling the staves. The lumber used was 
Eastern Oregon mountain pine. factor only 1.64 seems 
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been used the spacing. the assumption that stave swelling 
produced 100 lbs. per square inch contact between staves, 
doubtless very conservative assumption with this class lumber 
and size pipe, and, with 6-in. band spacing, this band factor would 
reduced 1.30. Uncertainty the exact tensile strength 
the material used, and the use shoe the type shown Fig. 
with the probable resulting bending the band under the nuts, 
doubtless sufficient account for the rupture the bands. The 
pipe being large diameter, the pressure the bands upon the 
staves seen have been too low admit any further yielding 
and consequent partial release the band strain. 

The difficulty with this pipe said have been remedied 
largely increasing the number bands. 

Compressive Resistance Staves.—The highest degree compress- 
ive strain between band and staves necessary for the maintenance 
pipe seems have been used Provo, and the results are 
instructive. The ready stripping threads, due poorly fitting 
nuts, prevented very hard cinching and satisfactory compression 
the stave under the band. The timber was seasoned redwood. The 
pipe, gravity line, closed the end, feeding direct into the dis- 
tributing system. The use hydrants for street sprinkling and other 
purposes caused water pressure the lower end the line 
lbs. above the normal, making the pressure the staves 290 lbs. per 
lineal inch band under these conditions, per square 
inch band contact. Leakage resulted, which was remedied the 
addition more bands, the recinching those already on, and the 
partial prevention the water hammer. The upper section the 
pipe, not being subject any considerable increase pressure over 
that for which was banded, has never given any trouble, although, 
seen Table No. the normal pressure the staves cannot 
much less than 211 per lineal inch band, 126 lbs. per square 
inch band contact. 

the Butte line the staves are depended upon afford perma- 
nent resistance against band pressure not less than 900 per 
square inch band contact. Astoria the fir staves must resist 
pressure not less than 832 lbs. per square inch band contact. 
Both these lines have been unqualifiedly successful, and the latter 
line, especially, has from the first been remarkably free from leakage. 
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The former, reason the yet uncompleted condition the storage 
dam which impounds the water from which the pipe supplied, has 
not yet been subjected quite all the pressure for which 
designed. 

the smaller pipes subsequently built Hollister, will 
noticed that much additional steel has been used order secure 
greater area contact between bands and staves thus keep the 


necessary compressive resistance the staves down from 600 


686 lbs. per square inch. the present time the same results 


might achieved considerably less cost the use bands 
oval instead round section. Such course, tending toward con- 
servatism matter still somewhat imperfectly understood, and 
partially nullify the effects any lack skill erection, the author 
believes advisable the design the smaller sized pipes. 

Construction are but few structural details this 
class pipe which there sufficient diversity practice war- 
rant any discussion. The butt-joint connection, the use omission 
bead along one edge the stave and the coupling shoes are the 
only features which need considered. 

Butt Joints.—It the prevailing practice make the connection 
between the butts connecting staves the snug insertion No. 
No. steel plate about ins. width, and slightly longer 
than the width the stave where inserted, the plate extending 
slightly less than half its width into each stave. For this, some 
light pressure pipes, plate hard wood has been substituted. The 
objection the latter lies chiefly the difficulty forcing thick 
wooden plate into the adjoining stave sufficiently secure tight 
joint, and securing the perfect fit evidently necessary. The existing 
general preference for the steel plate seems justified. 

Plain vs. Beaded Edges.—The use bead the stave edge 
way vital the success pipe, but seems have strong points 
its favor. Ifthere any irregularity the edge the plain 
stave, with band spacing suitable for light moderate pressures, 
itis not possible and certainly not economical induce sufficient 
fiber compression between the staves take those irregularities. 
the use slight bead the compression due cinching first 
concentrated the bead forcing into the adjoining stave, and 
thus uniformly tight seam secured without the necessity for hard 
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compression throughout the entire contact area that exists the 
other case. Furthermore the bead adds nothing the cost the 
stave. 

Coupling little ingenuity has been displayed devis- 
ing various types coupling shoes, the desideratum being that with 
the least cost the shoe should have ultimate strength fully equal 
that the band, sufficient and properly distributed bearing 
surface withstand high strains without destructive crushing the 
stave, and admit speedy placing and the ready adjustment the 
band during erection. 

the following discussion only those types are considered which 


VIEW HALF BOTTOM 


B-B 


have separate characteristics, are the better those that have been 
employed, and which have already met, promise receive, the 
greatest measure favor. 

The various devices use may divided, with reference the 
manner engaging the two ends the band, into two general classes: 

(1) Those which engage the two ends the same transverse plane, 

(2) Those which the ends are not engaged the same trans- 
verse plane Fig. 

With reference the materials which they are made, they may 
divided into: 
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(1) Forged, Figs. and 

(2) Cast, Fig. 

(3) Malleable cast, Fig. 

Fig. the general form shoe that has been largely used 
the Excelsior Wooden Pipe Company, having been evolved from, 
and being representative of, the type originally used the construction 
the Denver lines. When properly proportioned this shoe admir- 
ably meets all the requirements for successful connection, and, 


BOTTOM VIEW 


the economical distribution the material for resisting the strains 
imposed, leaves little desired, and possesses much admired. 
will noted that the use the nut brought 
low possible and the resulting moment tending produce rotation 
about the center the head bearing thus reduced minimum. 
The length and ample bearing the shoe enables the stave resist 


this tendency without destructive pressure. The flanges the lower 
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edges the ribs afford bearing surface and give sufficient sectional 
urea resist the tensile strains here existing, while, height, the ribs 
are well proportioned for transmitting the band strain the staves. 
will also observed that the shoe permits the use the wrench 
without interference. The feature most open criticism the 
design this shoe generally used the tendency make insufficient 
allowance its weight for the deterioration such light sections. 
Fig. shows shoe type that has been used number 
instances the Pacific Coast. forging from rolled section. 
The length the shoe the rear the nuts wholly insufficient 


afford the proper degree bearing surface the stave safely 
resist the pressure; and the bending strain due the depressing 
the end the shoe into the stave, can only resisted the use 
much heavier section than the tensile strains alone require, 
prevented giving more supporting area under the 
evident that the fault lies the use, unavoidable here, low con- 
necting ribs. 

Fig. forged shoe the type used the recently completed 
work the Pioneer Power Company, Ogden, Utah.* most 
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respects the form evidently well economically resist 
the imposed strains but necessitates the use welded loop 
one end the band, the shoe can scarcely compare economy 
with some the other types, unless indeed the relative cost very 
largely influenced its favor royalty charges the other shoe. 
The details the loop bearing the shoe are perhaps not beyond 


VIEW 


HALF BOTTOM _ 


B-B 


Fie. 4 


the suggestion improvement, there appears possible lack 
stiffness, which, however, could readily remedied the in- 
sertion between loop and shoe properly designed compression 
lug cast iron. would also appear that the cost the entire shoe 
might somewhat reduced without sacrifice other respects 
modifying the design and making cast malleable cast iron, 
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for which materials the general shape the shoe, the 
strains, seems especially well suited. 

Fig. that class which does not engage the ends the band 
the same vertical plane. There being thus introduced 
tendency rotate about axis vertical the center the shoe 
difficult devise really efficient and economical design. 
usually sought resist this tendency rotate means the 
friction afforded long tapering extensions each end the cast- 
ing, the figure shown. This device has generally been found 
insufficient, hard cinching usually resulting the breaking these 
tail pieces the rotating the shoes and the bending the bolts. 
These difficulties can, course, corrected the use very large, 
heavy shoes, but with resulting cost much beyond that other and 
better types. 

This general style casting seems have been the first used 
stave pipe construction with round bands and has had quite ex- 
tended application recent years, though frequently with unsatis- 
factory results. The particular design shown that adopted 
the construction the Los Angeles outfall sewer, the spring 
1894, and detail the best its class that the author has seen. 
Nevertheless, was found possess the defect inherent the type, 
many having broken under the reputed light and insufficient cinching 
used that work. 

conclusion, appears the author that the essential require- 
ments and economical design are much more successfully 
worked out Fig. than any the others. 


THE Economy USE. 


seeking set forth clearly the real place stave pipe the 
economic design pressure conduits, essential that the conspicu- 
ous types pressure pipes briefly considered their relation 
each other. The three varieties contrasted herein are stave, 
steel riveted and cast iron. Welded pipe omitted because 
occupies intermediate position and does not affect the merits the 
discussion. The comparison will confined the pressure range 
practical stave pipe construction, say, not exceed 100 lbs. per square 
inch, for which pressure each the classes mentioned may assumed 
wholly applicable. 
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Previous argument, the relative standing each, the order 


their merit with reference the three most important qualifications, 
the author tabulates follows: 


Cost. Life. Capacity. 
(1) Stave. Cast iron. Stave. 
(2) Steel riveted. Stave. Cast iron. 
(3) Cast iron. Steel riveted. Steel riveted. 


the quantity water delivered, instead the diameter, were 
made the common basis comparison for the different pipes, the 
capacity would become function the cost, aspect briefly con- 
sidered later. For the present they will considered separately. 

temporarily over the question cost and taking 
that comparative duration, may assumed once that cast iron 
should given the preference, not, indeed, conclusively proven 
experience, but every way probable, since the bands the stave 
pipe, excepting, perhaps, the larger sizes, can hardly supposed 
have the same degree endurance the thick shell the cast 
pipe. 

placing steel pipe last, the author influenced the following 
considerations: 

(1) That the sheet metal from which the pipe made less 
thickness than the diameter the stave pipe bands, condition al- 
ways existing steel pipes subject the comparatively light press- 
ures here considered. 


(2) That the same degree care securing protection the metal 
can exercised both cases. 

(3) properly proportioned steel pipe does not eventually fail 
bursting, but the formation rust holes and attendant leakage. 
The considerable multiplication such holes soon causes new pipe 
cheaper than the necessary repairs, even though the 
metal the pipe may good when was laid. The life 
steel pipe, therefore, without material error, may said 
measured the life its weakest spots. 

(4) The life stave probably determined the life 
the bands; and the life the bands determined, not the time 
necessary for the formation local rust pits, even though they are 
very deep, but the reduction the entire band section until its 
ultimate strength exceeded the strain, say less than one-fourth 
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its original section. seems clear that the time requisite accom- 
plish this degree deterioration the sections generally used must 
many times that necessary accomplish the destruction the 
average riveted pipe. 

(5) Many cases the Pacific Coast might cited where steel pipe 
the lighter gauges, though carefully coated with asphalt, and ap- 
parently laid with reasonable care have rusted through from 
eighteen months three years, and have been shortly afterward aban- 
doned. 

(6) Should perfect and reasonably cheap protective coating for 
steel ever discovered—an improbable assumption—no single class 
pipe would have much advantage over another respect dura- 
bility. 

(7) certainly accord with universal engineering experience 
assume that wood, under the conditions prevailing proper stave 
pipe construction, practically indestructible and much direct evi- 
dence harmony with this assumption has accumulated from the 
many instances the use stave and other wood pipe construction 
which have done service America for from twenty fifty years, 
and, far the author knows, without instance failure from 
the decay the staves, where the proper requirements were observed. 

The author does not wish understood intimating that steel 
pipe always short lived. the contrary, many such pipes, where 
conditions are favorable, have been doing excellent service for many 
years; but the exceptions are instructive, and fully vindicate the 
position assumed many engineers, who, for permanent work, have 
recognized the necessity for considerable thickness metal, inde- 
pendent the demand for sufficient factor safety against burst- 
ing, and who accord little favor pipes very light gauge. 

The foregoing seems the author ample justification for 
placing the stave pipe far advance the steel pipe for durability 
under average conditions. 

Capacity.—The past few years have added much the knowledge 
engineers concerning the carrying capacity cast-iron and 
larly steel riveted pipes various diameters. The relative values 

each class, economic carriers water, are better understood than 
ever before. The general result experiments cast-iron pipe has 
been prove the value the Kutter formula showing the value 
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practically constant for any given diameter, degree 
surface roughness and velocity flow. the case steel riveted 
pipes, whether built with cylindrical taper joints, with few excep- 
tions, the results indicate that the Kutter formula does not apply, 
and that for the ordinary ranges velocities, say from ft. per 
second, for clean pipes the coefficient the formula 
nearly constant for all diameters; and the experiments 
the Portland, Ore., pipes are excepted, because inability har- 
monize them with others, not clear that the results are much 
affected variations the thickness the plates. within the range 
ordinary usage. 

These experiments, while still leaving much desired before at- 
tempting the formulation any positive rules for the exact pre- 
liminary determination the rate flow any given case, result 
which the author believes will not accomplished save within limits 
very narrow application, because the usual unavoidable lack 
similarity the influencing physical conditions, are sufficient ac- 
complish the complete upsetting many previously conceived ideas 
regarding the laws flow this class pipe. The failure 
increase the diameter increases places the value this pipe, 
water carrier, least for the large diameters, rela- 
tion pipes having approximately smooth interiors, totally different 
from that which has previously been accorded. 

The dissipation the once prevalent idea that wrought-iron and 
steel pipes are not subject tuberculation, and the later conviction 
that this respect they have little advantage over cast iron 
have also done much make possible better estimate the real 
merits this pipe. 

The author regrets that yet few experimental determinations 
the carrying capacity stave pipe under varying conditions 
diameter and grade have been made. engineering literature 
knows only four which the proper conditions have been sufficiently 
observed render them worthy mention. They are follows: 

(1) experiment long line 30-in. pipe Denver, briefly 
mentioned Schuyler, Am. Soc. E.* this case, with 
mean velocity about 2.33 ft. per second, the derived value 
the Kutter formula was found little less than 0.010. 
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(2) experiment the author 18-in. pipe,* which the 
3.60 ft. per second. This result corresponds value the 
Kutter formula little less than 0.010. 

(3) Experiments section the 6-ft. pipe the Pioneer 
Electric Power Company, Ogden, Utah, described Charles 
Marx, Am. E.; Charles Wing, Assoc. Am. Soe. E., 
and Leander Hoskins.t These results gave average values for 
follows: 


Velocity feet per Corresponding value 
1.0 
2.0 115 
3.0 122 
126 


The values corresponding these results vary from 
0.015. 


(4) Experiments the author line 14-in. pipe, which 
the values averaged follows: 


Velocity feet per second. Corresponding value 
0.7 102 
1.2 111 
1.5 112 


The values for corresponding these results vary from 0.0107 
velocities, will observed, are all very low. 

The results the Ogden experiments are much variance with 
the great preponderance credible evidence bearing this ques- 
tion, that, without wishing seem discredit them, the author awaits 
further verification the results before accepting them con- 
clusive. 

Table No. showing the values cin the formula 
for clean pipes staves, cast iron and lap-riveted steel, the 
values for the stave and cast-iron pipes are deduced aid the 
Kutter formula, assuming value for 0.010 for the stave pipe, 
0.011 for the cast pipe when clean, and 0.014 when tuberculated, 
velocity flow ft. per second being assumed. For steel riveted 
pipes the uniform value 111 for all diameters, and 


Transactions, Am. Soc. E., Vol. xxxvi, 26. 
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deduction 20% made determining the values for tuberculated 
pipes. 

The calculated values are for the most part interpolated from 
tables, and may slightly error the last figure. 


Woop, Cast RIVETED STEEL; AND FOR 
Tron PIPES WHEN TUBERCULATED. 


STAVE. Cast STEEL RIVETED. 
Clean. Rough. 

119 105 111 
130 117 86 | 111 89 
143 j 129 7 111 89 
148 133 101 | 111 89 
152 136 105 
157 140 110 | 111 89 
159 142 112 
161 144 114 111 
146 116 111 


the discharging capacity the stave pipe any diameter 


designated 100, the relative discharging capacities the others 
will follows: 


STAVE. Cast STEEL RIVETED. 


Clean. Rough. Clean. Rough. 


12... 
39..4 
66... 
’ : 
100 90 67 81 65 
100 89 70 57 ; 
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the premises are correct, and they are believed harmony 
with present knowledge, these results are startling nature. Clean 
cast-iron pipes would seem have about 90% the carrying capacity 
stave pipes, while seriously tuberculated, condition which 
usually prevails few years use, they discharge only about 
two-thirds much stave pipe the same size. 

The steel pipe discharges when clean from 93% case 12-in. 
pipe 68% case 6-ft. pipe the amount which might 
expected from stave pipes the same sizes, while the steel pipe 
tuberculated extent that may readily occur from ten 
fifteen years use, these discharges may fall 74% and 54% 
respectively. 

Omitting other considerations, not the value pipe line in- 
vestment proportional its delivering capacity? not these 
percentages, then, represent approximately the relative values these 
different classes pipe investments 

Cost.—Variability market quotations materials, freight rates, 
wages, the effect geographical location these, the conditions 
affecting haul and the manner executing the work make impossible 
deduce accurate comparison cost which would admit general 
application. For present purposes, however, not necessary 
attempt more than convey general idea the order the respec- 
tive costs the three classes pipe considered, the terminal points 
designated. For this purpose Tables Nos. and have been prepared 
with considerable care. 

assumed that the stave pipe designed accordance with the 
formulas previously deduced, which somewhat increases 
the cost, particularly for light pressures, which would result 


were the bands spaced accordance with the formula more commonly 
used. 


The steel pipe supposed double riveted the straight 
seams and single riveted round seams, ordinarily built, and coated 
with asphalt. The mill price for sheet steel taken from 1.60 
for No. plate 1.25 for thicknesses greater than No. 

The cast pipe supposed proportioned thickness the 
formula the Warren Foundry, and the prices assumed per ton are 
$19 Chicago and $26 San Francisco, the latter figure being the 
lowest yet quoted there. 
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TABLE No. Cost CHICAGO. 


(Including Laying, but not Hauling. 
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Cost PIPE SAN FRANCISCO. 


TABLE No. 


(Including Laying, but not Hauling 


IN Di- 


The figures are supposed include only the principal common items 


expense, with profit the contractor. They are therefore perhaps 
every case somewhat below probable cost, and are intended for use 


way comparison only. 
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contrast actual quotations for particular cases would almost 
every instance show greater advantage the stave pipe than the 
tables indicate. Especially would this true where considerable 
haul would necessary, where the work far removed from pipe 
shops and insufficient magnitude justify manufacturing the 
riveted pipe the ground, where the site difficult access. The 
tables indeed assume the most favorable conditions for the use the 
steel riveted the cast pipes. 

then, stave pipe stands unquestionably first point 
both first cost and carrying capacity when contrasted with the two 
other classes pipe usually considered, and second only cast iron 
length life, does not logically follow that destined greatly 
extended use? and not clear, that though the great saving first 
cost incident local causes has fostered its rapid introduction the 
West, yet the field its economic usefulness means compassed 

such narrow limits? these queries are answered the affirmative, 
not deserving the careful consideration engineers who consci- 
entiously and studiously seek wise economy the design and execu- 
tion hydraulic works 
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MEMOIRS DECEASED MEMBERS. 


Memoirs will hereafter reproduced the Volumes Transactions. Any infor- 
mation which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


WILLIAM EZRA WORTHEN, Past-President and Hon. Am. 


Diep 2p, 1897. 


William Ezra Worthen, Past-President the American Society 
Civil Engineers, died his residence, New York City, April 2d, 
1897, after illness some months. 

Mr. Worthen was born Amesbury, Mass., March 14th, 1819; his 
father, Ezra Worthen, having been one the projectors Lowell 
center manufactures, and the first Superintendent the Merrimac 
Mills from date June, 1822. William Worthen, after having been 
fitted for college Hayward, Boston, was entered Harvard, 
and graduated from that institution 1838. 

commenced the profession civil engineering under the tutor- 
ship Felton, assistant the office the then prominent 
engineer, Colonel Laomi Baldwin; and the day after graduation from 
Harvard was put work under the direction George Baldwin, 
measuring the flow the water used the Merrimac Mills. With Mr. 
Baldwin went Boston and was employed the surveys and 
brook measurements for increased supply for the Jamaica Ponds 
Water-Works, private enterprise for supplying Boston with water 
gravity. then returned Lowell, and, under the late James 
Francis, Past-President and Hon. Am. E., was engaged for 
some time general hydraulic and mill work. 

1840 Mr. Worthen was with Mr. Whistler the Albany 
and Stockbridge Railroad, commencing with the preliminary surveys 
the road and remaining until its completion; miles the con- 
struction work having been under his immediate charge. Returning 
Lowell was again engaged with Mr. Francis hydraulic work 
and the construction the lower end the Northern Canal; then 
designed and built dam and the mills the Suncook, Suncook, 
also designed and constructed dam and mills for the Bos- 
ton Manufacturing Company, the Charles River Waltham, and 
the Suffolk, Tremont, Lawrence, Appleton and Hamilton Mills 
Lowell. reported the water supply Lowell, and for time 


prepared Julius Adams, George Greene, Henry Flad, Joseph 
Davis and Alphonse Fteley, Members, Am. Soc. 
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was charge the cotton mills and machine shops the Boston 
Manufacturing Company, Acting Superintendent. 

After visit Europe, 1849, Mr. Worthen came New York 
City and some extent devoted himself architectural work, build- 
ing the structures No. 200 Broadway. the same time took 
part editing several mechanical publications. 1851 was 
charge the cotton mills and machine shops the Matteawan Com- 
pany Fishkill; but, returning New York the following year, 


was again engaged architect, designing and constructing, 


among other buildings, the bindery the Appleton Publishing Com- 
pany, Franklin Street, and their present works Williamsburgh. 
Later, was Engineer the New York and New Haven Railroad 
and Vice-President that road until 1854, under Mr. Robert 
Schuyler. 

designed and built the dam across the Bronx River West 
Farms; and then, opening office New York City, supplemented 
his architectural and engineering practice constructive iron-work 
and steam heating for buildings. was engaged for long time 
general engineering work; building the dam across the Mohawk 
Cohoes, Y., testing steam pumping machinery many points, and 
designing pumping engines for Mr. Kirkwood for his reports the 
water supply Cincinnati, and St. Louis. devised floating 
grain docks for the same engineer the Jersey City depots the Erie 
Railroad Company, and was Sanitary Engineer the Metropolitan 
Board Health, New York City, during its whole existence, 1866- 
1869. 

Mr. Worthen had much practice the measurement the flow 
water canals, reporting upon this class work for Paterson, Tren- 
ton, Passaic and Indianapolis, among the more important. fin- 
ished the Southern Boulevard New York City; built the first pump- 
ing engine High Bridge, New York City; the engine Rockville 
Center and many pumping engines smaller capacity; extended the 
water supply the City Cohoes and finished the water works 
Long Island City. 

Consulting Engineer he, various times, examined and reported 
upon the Indianapolis and the Hartford Water-Works, the condition 
the docks New York City, the Riverside Park, the extension 
the streets Brooklyn, the selection pumping engines for Boston, 
also the testing large pumping engines Brooklyn, Lawrence, Jer- 
sey City, Philadelphia, St. Louis, Milwaukee and other points. For 
this class work his were very general demand for many 
years. 1890 and 1891 served Chief Engineer the Chicago 
Main Drainage Canal. was Engineer the later Commission 

Rapid Transit the annexed district the City New York, and re- 
ported upon the water-power the Falls St. Anthony, Minn. 
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served committee the Society appointed investigate 
the failure dam Mill River, Williamsburg, Mass., his associates 
being James Francis and Theodore Ellis. Their report will 
found Transactions, Vol. page 118. 
Mr. Worthen was frequent contributor the professional dis- 
cussions the Society, and presented the following papers: 
provement Sedimentary Transactions, Vol. XX, page 230; 
Sewers Mount Vernon, Vol. XXIV, page 393; 
Heating,” Vol. XXIV, page 206. 

This very incomplete sketch will give some idea the varied prac- 
tice which had occupied Mr. Worthen during long and most active 
professional life, there being scarcely branch civil mechanical 
engineering wherein his professional fitness has not been conspicuous 
marked degree. not been his lot project carry com- 
pletion great works internal improvement, such challenge the 
admiration the unthinking public, but very unobtrusive way 
had been continually that essential service toward the 
furthering enterprise, without which the best conceived projects 
would prove abortive. remarkable power rapid generaliza- 
tion, seemingly incompatable with painstaking accuracy, united 
almost intuitive perception the requisite expedients detail and 
design. His quickness technical analysis, combined with the be- 
fore-mentioned qualities, has rendered possible the successful com- 
pletion many important works with which, owing forgetful- 
ness self, his name scarcely associated. retentive memory, 
sift and treasure the facts science and art which extended study had 
opened him, the tact judicious selection and application, 
originality and boldness times bordering audacity, and posi- 
tiveness that silenced all opposition, have been the characteristic fea- 
tures his long practice. 

Whatever Mr. Worthen may have owed study experience 
the arts construction, his acknowledged genius (using the word 
its strictest sense) stamped him engineer, non 

Mr. Worthen possessed overflowing vein wit and humor; 
which served temper the asperities not unusual professional de- 
bates; this, coupled with kindliness disposition which could see 
nothing others, speak of, but what was commendable, led his 
friends being numbered only his acquaintance. His social rela- 
tions were the happiest kind, and his memory will long prized 
all who knew him. 

married Miss Margaret Hobbs, Boston, who survives him. 

Mr. Worthen became Member the American Society Civil 
Engineers December 4th, 1867. was elected President the So- 
ciety January 19th, 1887, and served one term; was made 
Honorary Member the Society April 4th, 1893. 
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THOMAS DAVIS LOVETT, Am. E.* 
5TH, 1897. 


Thomas Davis Lovett, son Captain Pyam Lovett and Lucy Davis 
Lovett, was born June 10th, 1823, Beverly, Mass., where grew 
young manhood, receiving his education from the Beverly Academy, 
and later New York City. was descended, both the paternal 
and maternal side, from honorable ancestors, and was great grand- 
son Benjamin Lovett, one the one hundred and five minute men 
who marched from Beverly Concord, October 19th, 1775. While 
the academy his father had him employ the usual Wednesday and 
Saturday half holidays learning the routine book-keeping and 
commercial transactions they occurred the Beverly Bank, 
which Captain Lovett had for many years been was the 
father’s expectation that the son would succeed him that office 
trust and responsibility, but after his return from school New York 
began the practical study civil engineering under Frank Ed- 
wards, Beverly, about 1841 1842. 

With that principal, his first railroad employment was the con- 
struction what now the Gloucester Branch the Boston and 
Maine Railroad, and next the construction the road then known 
the Portland, Saco and Portsmouth Railroad, now also part the 
Boston and Maine system. Soon afterward was employed the 
Troy and Boston Railroad, having, for time, least, responsible 
charge maintenance certain portions constructed, this leading 
later period his rebuilding the bridge masonry the branch 
historical Bennington. 

The surveys. for the eastern portion the Hoosac Tunnel Line, 
known the Troy and Greenfield Railroad, incorporated under the 
auspices the Commonwealth Massachusetts, followed 1848 and 
1849, later. part, least, these surveys, and possibly those for 
the entire line, were made Mr. Lovett. and young English 
draughtsman, Mr. Dillon, prepared extensive and elaborate maps 
the line, including the great tunnel, which were, unfortunately, all 

destroyed fire some years after. While this and the corresponding 
work was under way, moved from Greenfield, Mass., Shelburne 
Falls, thence North Adams, and thence, upon the completion 
these undertakings, Troy, Y., where built the first street-car 
line that city. 

1853, Mr. Lovett moved Chillicothe, Ohio, with Captain 
Archibald Kennedy (formerly the Vermont Central Railroad), and, 


Memoir prepared Ruggles and Samuel Whinery, Members, Am. Soc. 
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associated with John Waddle, Becker and Jacob Blickensderfer, 
all whom, later years, were prominent railroad and State im- 
provements, was soon employed the location and construction the 
Marietta and Cincinnati Railroad. Mr. Lovett, assistant engineer, 
had charge part the construction from Chillicothe, west, toward 
Blanchester, and surveys from Blanchester Cincinnati. The 
lines these surveys were direct and permitted lighter grades than 
those finally adopted; but, much the projected location was 
close proximity the Little Miami Railroad, that road was for many 
years used entrance into the city, and the final location Cin- 
cinnati, finished 1869, was great measure determined the 
necessity reaching connecting lines Cincinnati. 

While making these surveys lived Goshen, Ohio, but had 
office Third street, Cincinnati, not far from that occupied him 
during the last years his life, nearly forty-five years later. 

1855, upon the completion his work the Marietta and Cin- 
cinnati Railroad, Mr. Lovett went McArthur, Ohio, the line 
that road, and associated himself with others for the purpose de- 
veloping the coal fields the vicinity, and, incidentally, laid out 
and built the town Zaleski. Later, removed Chillicothe, 
but continued his connection with the mines until they were sold 
English parties. While these enterprises did not prove financially 
very profitable Mr. Lovett, there acquired the experience and 
practical knowledge coal operations that were subsequently valua- 
ble the Ohio and Mississippi Railway and the Cincinnati Southern 
Railway. 

Immediately after the sale these mines, and February, 1860, 
removed Cincinnati, were was for brief time employed 
the City Water-Works Department. His early experience the city 
passenger tramways Troy was soon the means his engagement 
for the construction the Third Street line Cincinnati, the first 
street railroad built that city, and, shortly afterward, the John 
Street line, the next road completed. 

was time when the popular prejudices the city were 
against these, far locally untried, public conveniences, and re- 
quired, not only his ability constructing engineer, but much diplo- 
matic and skilful management carry the project successful 
completion. 

Following these experiences, and the same year (1860), Mr. 
Lovett entered the service the Eastern Division the Ohio and 
Mississippi Railroad Company Chief Engineer, and continued with 

that road, with one interval other service, until 1872. the time 
his appointment, George McClellan, the famous general few 
years later, was General Superintendent the road, and placed im- 
plicit confidence Mr. Lovett, giving him complete charge the 
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engineering the road, the extent not even giving any direct 
specific instructions grave emergency the collapse 
bridge. 

Mr. Wm. Biddle, who was that time Division Superintendent, 
has, Jate memorandum, recorded the thoroughness with which Mr. 
Lovett looked after the details his work, and ‘‘I have never 
forgotten the appreciation and admiration that were inspired 
Lovett’s ability, capacity and devotion duty during that very trying 
time.” 

During Mr. Lovett’s first term service with the road many im- 
provements were made, and many more wisely projected, but the 
emergencies the war and the delay incident the liquidation and 
reorganization the company were such that the important measures 
urged Mr. Lovett could not carried out, but time has developed 
their wisdom. 

Mr. Lovett left the service the road, and, 1864, went 
Boston, and there acted engineer for the Messrs. Stanton, who were 
engaged general contracting work. 

maintained, however, active interest the affairs the East- 
ern and Western Divisions the Ohio and Mississippi Railroad Com- 
panies, which were, 1867, reorganized one corporation. Theim- 
mediate occasion his return the West was the failure the bridge 
over the Great Miami River. Mr. Griswold was, the time, 
president, and once telegraphed Mr. Lovett return; this 
did November 1867, and for seven months gave unremitting 
attention the reconstruction the masonry and superstructure 
this bridge. 

Then followed period active reconstruction and improvement 
the road, the course which all the principal bridges were re- 
newed iron, the heaviest grades reduced, coal fields developed, and 
the terminal facilities East St. Louis and Cincinnati enlarged, mak- 
ing such provision for the future business the road that radical 
changes and but few extensions rearrangements have since been 
found necessary. 

The branch line from North Vernon Louisville 
under Mr. Lovett’s direction and was completed 1871. This 
monument that, even without his later and more extensive undertak- 
ings, would have established his reputation for judgment and ability; 
for seldom, region where grades are considered very favor- 
able, that cross-country direct line odd miles long can located 
require only 0.8% grades, and these falling, with two short excep- 
tions, one direction, making practically continuous grade from the 
high ground North Vernon the Ohio River. 

There still remained made one important change put the 
road basis which would maintain its supremacy. The Ohio and 
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Mississippi Railroad, constructed engineers and contractors coming 
from the Erie Railway, with the corresponding 6-ft. gauge, and 
formed, with that road and the Atlantic and Great Western, continu- 
ous broad-gauge line from New Louis. was Mr. Lovett’s 
final duty change standard gauge ft. ins. the western sec- 
tion these systems. 

The Ohio and Mississippi was the first any considerable 
length attempt the change gauge the whole line without any 
serious interruption the train service, and Mr. Lovett was pioneer 
this many his other undertakings. The change from ft. 
ft. 9-in. gauge was considerable that was necessary move 
both rails. 

The most complete and careful preparations were made, and all the 
minute details were worked out and provided for Mr. Lovett. 
There still exist among the papers the company the full and com- 
plete printed instructions and tables prepared him for the work. 

Sunday, July 16th, 1871, the change gauge was made the 
Louisville branch and furnished preliminary test the plans adopted. 
One week later, Sunday, July 23d, 1871, the gauge the main line 
was changed from Cincinnati St. Louis, distance 335 miles, 
the remarkably short time seven hours. was the time justly 


considered remarkable feat, and its successful accomplishment 

illustrated Mr. Lovett’s great executive ability. The experience 

gained this work rendered Mr. assistance valuable 
other roads whose gauge was changed later, and was called con- 

Late 1872 his connection with the Ohio and Mississippi Railway 
Company ended, and October that year entered the service 
the City Cincinnati Principal and Consulting Engineer for the 
construction the Cincinnati Southern Railway. 

Surveys for this long-contemplated thoroughfare the South had 
been made under the direction Gunn, and the necessary State 

and municipal legislation secured and appropriations provided. 
these experimental lines, some were Nashville and some Knox- 
ville and many Chattanooga, and the first matter determined, 
after Mr. Lovett took hold the project, was the selection line 
for final location. Each the routes had its earnest advocates, the 
choice lying principally between that Knoxville and those Chat- 
tanooga. This problem was solved, the adoption one the lines 
Chattanooga, and the work construction was soon under way, the 
first contract for grading having been signed December, 1873. The 
magnitude the undertaking indicated less the total length 

the new line, 336 miles, than the character that line. provide 
adequately for the construction nearly miles tunnels twenty- 

seven points, fifty-seven bridges, aggregating more than miles 
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length and miles viaducts, might, large part, delegated 
subordinates, becomes the discreet and judicious manager large 
affairs these busy times; but Mr, Lovett, addition the usual gen- 
eral supervisior, looked closely into the details all this work. Not 
only was the construction the Cincinnati Southern Railroad one 
the largest and most important public works the period, but must 
remembered that some the structures were the time unique 
engineering experience and practice. 

High Bridge, over the Kentucky River, for instance, was then not 
only the highest bridge the continent, and the highest railroad 
bridge the world, but was probably also the first bridge built 
the cantilever principle without falsework. While the direct credit 
for its design and construction belongs the late Shaler Smith, the 
opportunity might never have been afforded him had not the chief 
engineer the road been man broad views and bold engineering 
conceptions. 

The channel span the bridge over the Ohio River Cincinnati 
was, the time was built, decidedly the longest trussed girder span 
the world, and exceeded what that time was considered the ex- 
treme practicable limit iron truss spans. Its history furnishes 
another illustration Mr. Lovett’s professional courage. 

The Ohio being navigable stream, the location for the proposed 
bridge was referred the usual Board United States Engineers. 
The law required opening 400 ft., but controversy arising 
whether the crossing should Smith Street, selected the 
Board, Ludlow, desired the representatives the river in- 
terests, the Board gave, ultimatum, the alternative the re- 
quired 400-ft. opening Smith Street 500-ft. opening 
Ludlow, stating effect the same time that they considered span 
that length impracticable. Mr. Lovett, however, once chose the 
Ludlow site, and the span was made 515 ft. 

Considering that addition heavy and costly work other 
portions the line, that part the road from the vicinity the Cum- 
berland River the Emory River, crossing the Cumberland Plateau, 
the heaviest and most expensive continuous stretch railroad 
equal length America, some idea may formed the magnitude 
the enterprise and the difficulties that had successfully met. 

December, 1876, when nearly the whole the work had been 
let and the greater part completed, Mr. Lovett tendered his resig- 
nation principal and consulting engineer, and soon after went 
abroad, residing for some time Paris where there was the time 
the Exposition 1878 Exhibit the Cincinnati Southern Railroad. 
This display led his being engaged French capitalists make 
surveys for line railroad from Jerusalem Joppa. re- 
gretted that little known his experiences there, further than that 
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sible, rendered accessible; but, that practicable line was developed, 
shown its later construction. 

Mr. Lovett, however, found the work very trying, physically, and 
one effect, little suspected even those who knew him well, was the 
loss the use one eye. Sick with prevailing fever, returned 
the United States, and soon after opened, Third Street, Cin- 

cinnati, office Consulting Engineer. 

While connected with the Cincinnati Southern Railway Mr. Lovett 
had become interested the possibilities the coal fields along the 
road, and, shortly after his return, invested the Beaver Creek and 
Cumberland River Coal and Railroad Company,” which investnients 
held until his death. was actively engaged during the succeed- 
ing years the management and development this property, and 
his real estate Beverly, Mass., and Kansas. 

the intervals professional engagement, he, one way an- 
other, had been connected with many 
Chief Engineer the Ohio and Mississippi Railway, was made engi- 
neer for the Front Street Connecting Railway Cincinnati, and 
that capacity designed the combination rail used the track. 
was Consulting Engineer for the first the many inclines which were 
distinguishing feature Cincinnati suburban development. 
had remote connection with the erection the substructure the 
Sabula Bridge the Chicago, Milwaukee and St. Paul Railroad over 
the Mississippi River, and active interest the erection the sub- 
structure for the St. Charles Bridge over the Missouri River. 
traveled much, both professionally and for and the 
course busy life had been every quarter the globe. The at- 
traction with his years, and the last participated 
the many gatherings professional men, where was always 
welcome guest. 

Mr. Lovett selected his subordinates with rare judgment. the 
Ohio and Mississippi and the Cincinnati Southern Railways had, 

Engle, Bouscaren, Samuel Whinery, Weeks, George Nich- 
olson, Clark, Cabell Breckinridge, Robt. Stanton and Charles 
Strobel, all whom have since been prominent engineers and 
nearly all them members the American Society Civil Engi- 
neers, and active its affairs. doubtful better corps engi- 
neers than that the Cincinnati Southern Railway was ever 
organized. 

Mr. Lovett was married September 8th, 1846, Sarah Frances 
Folger, Nantucket, who survives him. four children, two are 
living, Mrs. Pohlman and Mr. Pyam Lovett. was man 
strong and positive character, great energy and superior executive 


endeavored have all points historical interest, far pos- 
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ability; quick decide and forceful bold and courageous 
his opinions and frank and plain spoken expressing them; fair 
and honorable his business relations and loyal his friends. In- 
tolerant deceit and trifling, was just and considerate superior, 
reposing confidence his subordinates, but holding them strict 
accountability their professional work, and always ready appre- 
ciate and give full credit for faithful service and meritorious work. 
Mr. Lovett was elected Member the American Society Civil 
Engineers May 1871. 
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MINUTES MEETINGS. 


THE SOCIETY. 


October 5th, meeting was called order 20.30 
Vice-President Edward North the chair; Charles Warren 
Hunt, Secretary, and present, also, members and guests. 


The minutes the meetings September 7th and 21st were ap- 
proved printed Proceedings for September, 1898. 


The Chair appointed Messrs. John O’Rourke, Warren 
Travell and Herbert York tellers canvass the ballot the pro- 
posed amendments Article the Constitution. 


paper Theron Noble, Am. E., entitled Gaug- 


ing Cedar River, Washington,” was presented the Secretary and 
discussed Mr. Rudolph Hering. 


Edward Chibas, Assoc. Am. Soc. E., who was Assistant 
Engineer the Chief Engineer the Fifth Army Corps, gave 
informal description the operations the Engineer Corps the 
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campaign against Santiago, Cuba, and exhibited number maps, 
blue prints and photographs. 


Ballots were canvassed and the following candidates were declared 
elected 

Max Leadville, Colo. 

West Newton, Mass. 

Davis, Ann Arbor, Mich. 

Harrison Easton, Pa. 

Ernest Grey Brooklyn, 

San Francisco, Cal. 

Fort Worth, Tex. 

Hazarp, Cincinnati, 

ARTMAN New York City. 

Jr., New York City. 

Knox Lyons, Pittsburg, Pa. 

Meyer, Monterey, Mexico. 


Henry Rosencrans, South Bend, Ind. 
Chicago, 


MEMBERS. 


St. Louis, Mo. 
Carter, Richmond, Va. 
Steelton, Pa. 

Van Harris, Middletown, 
Frank LEFFINGWELL, New York City. 
Boston, Mass. 

Joun Hays Myers, Jr., Brooklyn, 

Harry Walk-Chalk, Pa. 
Brown Detroit, Mich. 

LAWRENCE Holyoke, Mass. 
CHARLES GREENE Malden, Mass. 

SHREVE University O., Ala. 
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The Secretary announced the election the Board Direction 


October 4th, 1898, the following candidates 


ASSOCIATE. 


JUNIORS. 


Allegheny, Pa. 


Jose ARISTIDES Panama, Republic Colombia. 


NEWTON SHANNAHAN, Rochester, 


St. Louis, Mo. 


The Secretary read the list nominees* presented the Nomi- 
nating Committee for the offices filled the next annual elec- 


tion. 


The Secretary announced the death the following members: 
elected Associate Member, February 3d, 1897; 
died (exact date death unknown) 1898. elected 


Fellow May 17th, 1890; died September 23d, 1898. 


The tellers appointed canvass the ballot the proposed 
amendments the made the following report: 


Whole number ballots received 


229 
Without signature........... 
Voted ballot list..... 
Counted and found correct........... 211 
JOHN 
Warren TRAVELL, 
Tellers. 
See page 170. 


The proposed amendments the Constitution are printed full the present 


volume Proceedings, Vol. xxiv, 
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The Chair declared the adoption the proposed amendments 
Article the Constitution, these amendments having received the 
affirmative vote two-thirds all the ballots cast. 

The Secretary read letter from Wm. Stone, Esq., Secretary 
the Architectural League New York, inviting the members the 
Society attend the next monthly meeting the League, November 
1st, 1898, 8.30 m., and take part the discussion live 
municipal question. 

The Secretary announced, reference the question the ap- 
pointment Special Committee Rail Joints, now before the 
Society, that the Constitution requires majority total vote not 
less than one-third the Corporate Membership the Society for 
the appointment Special that one-third the 
Corporate Membership 560, and that, the present time, only 
347 votes have been received. 


October 19th, 1898.—The meeting was called order 20.30 
o’clock, Director James Owen the chair; Charles Warren Hunt, Secre- 
tary, and present, also, members and visitors. 

paper Arthur Adams, Am. Soc. E., entitled 
Economic Design and the Economy Its was presented 
the Secretary, together with correspondence the subject from Mr. 
Henry Patten. The paper was discussed orally Messrs. 
O’Rourke, James Owen, Rudolph Hering, Tillson, James 
Meem and Skinner. 

The Secretary announced the death Charles Francis Parker, elected 
Junior March 5th, 1890; died October 10th, 1898. 

The Secretary announced that the Board Direction had appointed 
the following members committee recommend the award 
prizes: Messrs. Charles Gowen, George Evans and Shank- 
land. 


Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


October 4th, Edward North the chair, 
Chas. Warren Hunt, Secretary, and present also Messrs. Deyo, Just, 
Hering, Manley, Owen, Parsons and Schneider. 

The final report from the New Society House Committee were re- 
ceived and accepted. The Committee was discharged, and its report 
ordered printed Proceedings. 

The Secretary presented statement the total cost detail 
the New Society House, and the sources from which the necessary 
funds had been derived. 

The Finance Committee was requested make full report 
this matter, order that may printed Proceedings, together 
with report the New Society House Committee. 

The President was authorized appoint Committee recom- 
mend the award the Norman Medal, the Thomas Fitch Rowland 
Prize and the Collingwood Prize. 

list nominees for the offices filled the next Annual 
Election was received from the Nominating Committee. (See page 
170.) 


Applications were considered and other routine business trans- 
acted. 


One candidate for Associate and nine candidates for Junior were 
elected. (See page 167.) 


Adjourned. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society wiil open every day hereafter from 
o’clock, except Sundays, when the hours will from 
o’clock. 


PROPOSED SPECIAL COMMITTEE RAIL JOINTS. 


The attention the Corporate Membership called the fol- 
lowing: The Constitution states that majority total vote not 
less than one-third the Corporate Membership the Society shall 
necessary authorize the appointment Special Committee. 
the present time only 347 votes the appointment the pro- 
posed Special Committee Rail Joints have been received. One- 
third the Corporate Membership 560; consequently least 213 
additional votes will have sent before the ballots can can- 
vassed and decision reached. 

The necessary blanks and envelopes were sent the Corporate 
Members September 10th, 1898; these have been lost mislaid 
others may obtained applying the Secretary. 


LIST NOMINEES FOR THE OFFICES FILLED THE 
ANNUAL ELECTION, JANUARY 18th, 1899. 


The following list nominees for the offices filled the 
annual election, January 18th, 1899, were presented the Nominat- 
ing Committee the Board Direction* its meeting October 
4th, 1898, and announced the meeting the October 
5th, 1898. The list has already been mailed all Corporate Members. 


For President, serve one year. 


Boston, Mass. 


For Vice-Presidents, serve two years. 


Rochester, Y., representing District No. 
St. Louis, Mo., representing District No. 


For Treasurer, serve one year. 


Joun New York City, representing District No. 


See page 169. 
See page 167. 
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For Directors, serve three years. 


New York City, representing District No. 

New York City, representing District No. 
New York City, representing District No. 
Boston, Mass., representing District No. 
Troy, Y., representing District No. 
James Los Angeles, Cal., representing District No. 


INVITATION MEMBERS FROM ARCHITECTURAL 
LEAGUE. 


The Secretary has received letter from William Stone, Esq., 
Secretary the Architectural League New York, inviting the mem- 
bers the Society take part the discussion the subject The 
Treatment the Water Fronts New York City,” its next regular 
monthly meeting, November Ist, 1898, 8.30 215 West Fifty- 
seventh Street, opposite the Society House. The League desires 
obtain discussion concerning recreation piers, viaducts, baths, etc., 
which may serve guide the building future structures 
nature, and will accord members this Society the same privileges 
enjoyed its own members. 

Members are invited also attend subscription dinner 6.30 
M., the charge for which will per cover; but those not wishing 
accept this invitation should not hesitate attend 8.30 the 
hour set for the discussion. 


requested that those who propose attend the dinner send 
seasonable notification the Secretary the League. 


MEETINGS. 


Wednesday, November 2d, 1898, 20.30 o’clock, regular meet- 
ing will held. The informal topical discussion Road Building, 
which took place the meeting September 21st, 1898, proved 
such great interest that, resolution that meeting, was recom- 
mended that published Proceedings, and, order give 
opportunity those who, owing the lateness the hour, could 
not present their views, well enable non-resident members 
take part, another evening set down for its continuance. The dis- 


cussion printed this number Proceedings, and attention here 
called the fact that November 2d, 1898, 20.30 o’clock will 
continued. hoped that those who have not participated will 
attend and continue the oral discussion, and that non-resident members 
unable present will forward the Secretary written communi- 


cations, order that all points may comprehensively covered when 
finally published Transactions. 
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Wednesday, November 16th, 1898, 20.30 o’clock regular 
meeting will held, which paper Henry Seaman, Am. 
Soc. E., entitled, Launhardt Formula, and Railroad Bridge 
Specifications,” will presented. printed this number 
Proceedings. 


DISCUSSIONS. 


Discussion the paper Theron Noble, Am. Soc. E., 
entitled Gauging Cedar River, Washington,” which was presented 
the meeting October 5th, 1898, will closed November 15th, 
1898. 

Discussion the paper Arthur Adams, Am. E., 
entitled, ‘‘Stave Pipe; Its Economic Design and the Economy 
Its Use,” which was presented the meeting October 19th, 1898, 
will closed December 1898. 
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LIST MEMBERS. 


ADDITIONS. 


Date 
MEMBERS. 
Yonkers, N.Y..... Assoc. June 1889 
Oct. 1898 


Morton Eng. Maintenance 


Way, Chicago 
Div., Jun. Jan. 1890 


City Engineer, Municipal 
Building, Oct. 1898 
GREY............ Res. Eng., 
New East 
River 
Bridge, Assoc. May 1893 
Brooklyn, 
U.S. Engrs.’ Office, Tele- 
phone Bldg., Detroit, 
ABRAHAM LINCOLN 
Gen. Mgr., Edison Electric 


Illum. Co. City. 

Res., 166 97th St., 

New York City......... Oct. 1898 

tone 

Bridge Assoc. May 1895 


Works, Oct. 1898 
Pittsburg, 


City Engineer, De- 


troit, Mich..... Sept. 1898 
JoHN CHARLES............Care Wilson Aluminum 


Co., Cedar St., New 


ASSOCIATE MEMBERS. 


Care Koken Iron Works, 
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Assoc. 


Richmond, 


Hills Ave., 
Cleveland, 


Jun. 
Assoc. 


Harris, VAN ALEN....... City Engineer, 
Times Bldg., Jun. 
Middletown, Assoc. 
Departm ent 
Water Sup- 
ply, Mu- 
nicipal 
Building, 
Brooklyn, 


Jun. 
Assoc. 


Henry NEELY......... 


gineering 
Laboratory, Jun. 
Cornell Uni- Assoc. 
versity, 146 
University 


CHARLES........... Res. Engr., Allegheny 


Western R., Walk 
Chalk, 
Warrt, CHARLES GREENE............ Waitt’s 


Block, Malden, 


Prof.of Engineering, Univ. 
Alabama, University 


ASSOCIATES. 
LAWRENCE FULTON.......... 194 Carroll St., Brooklyn, 


Co., 249 Arcade, Cleve- 


Co,, Nazareth, Pa....... 
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May 31, 1892 
Oct. 1898 


Feb. 1895 
Sept. 1898 


Nov. 1894 


Oct. 1898 


Dec. 1893 
Sept. 1898 


Oct. 1893 
Oct. 1898 


Oct. 1898 


Oct. 1898 


Oct. 1898 


Sept. 1898 


Oct. 1898 


Mar. 1898 


Affairs.] LIST MEMBERS—CHANGES AND CORRECTIONS. 


GRANBERY, JULIAN Sept. 1898 
ing Lift Bridge Co., 1616 
Monadnock Block, Chi- 
Hall, Newark, April 1898 
R., Rochester, Y.. Oct. 1898 
Bryan, 54th St., New York 
RESIGNED. 
CHANGES AND CORRECTIONS. 
Weg II, Prenzlau, Germany. 


Broadway, New York City. 


ARTHUR STANLEY........... Wiggins Block, cor. Fifth and 
Vine Sts., Cincinnati, 

.....Co. B., Reg., Vol. Engrs., Camp 
Hamilton, Lexington, Ky. 


JOHNSTON, ANDREW LANGSTAFF...... 509 Franklin St., Richmond, Va. 

Broadway, New York City. 

ALEXANDER Lt.-Col., Corps Engrs., A., 2728 

Pennsylvania Ave., W., Washington, 

Morean, WOLFE....... ....611 19th St., Oakland, Cal. 

Mosman, Coast and Geodetic Survey, 
Chatsworth Park, Los Angeles Co., Cal. 

GEORGE Engineer Office, Chattanooga, 
Tenn. 

Norton, JoHN Larned, Kan. 

THOMAS .......... Eng. Met. Park Commission, Beacon 
St., Boston, Mass. 

WILLIAM 1731 Monadnock Block, Chicago, 

PEARMAN.......... Little Hickman, Ky. 


Point, 
ALFRED THOMAS........ 101 Milk St., Boston, Mass. 
Francis Broadway, New York City. 
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ASSOCIATE MEMBERS. 


SAMUEL Whitney Ave., New Haven, Conn. 

Brown, The Columbus Construction Co., 
Columbus, 

Brown, WENDELL Representative, The King Bridge 
Co., 501 Fifth Ave., New York City. 


CRANE, ALBERT Am. Lake Superior Power Co., Sault Ste. 
Marie, Mich. 

JOHN Racquet and Tennis Club, 43d St., 
New York City. 

BENTON............476 Classon Ave., Brooklyn, 

ALFRED PETER ...... 34th St., New York City. 

ilton, Lexington, Ky. 


charge the Hydraulic Laboratory, 
Cornell University, No. Valentine 
Place, Ithaca, 


ASSOCIATE. 


JUNIORS. 
ALFRED JR...... Care Worthington Pumping Engine 
RoBERT 715 Locust St., St. Louis, Mo. 
Care Deep Waterways, 110 Wash- 
ington St., Rome, 
JUSTIN 4247 Third Ave., New York City. 
249 Berkeley St., Boston, Mass. 
DEATHS. 
Assoc. M., Feb. 3d, 1897; died 
1898. 
Elected Fellow, May 17th, 1870; died Sept. 
23d, 1898. 
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ROAD BUILDING: 
INFORMAL DISCUSSION.* 


Warren TRAVELL. 


(To CONTINUED NOVEMBER 1898.) 


lessons the farmer and dwellers the country. Only the Sche- 
nectady and Troy road actually under construction, but surveys 
and plans are ready for other roads. One road the first stage 
construction hardly object lesson.” Nevertheless, the number 
applications that have been filed for the improvement roads 


*This discussion printed Proceedings order that the views expressed the 
meeting September 2ist, 1898, may brought before all members the Society. 
The discussion will continued the meeting November 2d, 1898, and hoped 
that members interested will either attend and give their views orally will send 


written communication the Secretary for presentation the meeting and subsequent 
publication Transactions. 
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beyond expectation, and shows that the Supervisors the various 
counties are fully alive the necessity good roads, and are anxious 
take advantage the offer the State pay half the cost. 

Thinking may interest, the writer gives herewith list 
the petitions received, from which will seen how totally inade- 
quate the sum carry out the desires the various 
counties. 


Counties. Petitions. Miles. 


This would involve— $10 000 mile roughly—the large appro- 
priation 680 000 the part the State cover the petitions 
already filed, and the Legislature cannot appropriate more than 
000 000 session, evident that some the petitions will 
have wait. 

built that is, standard road with perfect tile side drainage, proper 
grades and slopes, cobble gutters, fences embankments, and sub- 
stantial thickness well-rolled macadam—the writer’s idea thick- 
ness being ins. thoroughly rolled subgrade. Such are the 
roads that nearly all desire, but soon the price mentioned, the 
elimination items and quantities demanded. Drainage grudg- 
ingly admitted necessary, the fences are omitted, the macadam 
shrinks thin veneer, and the result cheap road. Take the 
Schenectady and Troy road, for instance. the first plans the writer 
provided 4-in. tile side drains, cobble gutters and ins. macadam 
ft. wide. The grades were better than the present plan, but the 
tiles and cobble gutters had omitted, the grades changed, 
excavation and embankment ran too high, and the macadam reduced 
ins. thickness and ft. width. The writer does not lay 
much stress the width the thickness, the sandy soil preva- 
lent that part the State. was even demanded that the use 
the stone peculiar that vicinity should used the macadam— 

Aqueduct Stone,” shale that would turn clay the first storm. 
This was happily averted, and the present State Engineer will insist 
trap rock covering, least, all roads where macadam used. 
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The writer consoles himself with the theory elucidated Mr. 
North article the New York Mail and which 
suggests the propriety making road during the first year, that 
farmer can use six months the year where could only use 
three months before improve the following year, that the 
farmer would able use nine months instead six months, 
and this way, first-class roads could not built, ‘‘make 
the punishment fit the 

The Columbia County road entirely new one. leaves the 
old road through the Shaker settlement Mount Lebanon the 
left, and, following the contour the hills, connects with the Mas- 
sachusetts road (improved) the State Line, and secures 
gradient over the entire mountain into Pittsfield. some the 
gradients the old Shaker Road are 20%, ete., the advan- 
tage attained can imagined. Economy here again demands 
gravel covering, splendid material being handy for haul. 

This road, including wire fencing, thorough drainage, one 40-ft. 
span bridge, one 48-in. wrought-iron pipe culvert, numerous cross-tile 
drains, and about 600 cu. yds. material handled grading 
the road, will amount about for 500 ft. 

There was considerable trouble persuading the Shakers, who own 
all the lands the vicinity, grant the right way, but after 
months persuasion they granted it. seems strange that people 
which has preached isolation for nearly one hundred years should 
object the very first time that this realization their doctrine was 
possible. 

Owen, Am. Soc. question road construction 
latter years has assumed somewhat different aspect from that 
which bore some five six years ago when the subject was rather 
thoroughly discussed the members this Society. 

Attention should called what may termed the compe- 
tition the road question evidenced the lowering the 
prices for ordinary street pavements. The speaker remembers the 
time when the cost building telford pavement was about per 
yard. To-day asphalt pavements are being built cost about 
$1.38 per yard, and the engineer, selecting pavement,—if has any 
better many places choose permanent street pavenient, the 
lower price which now costs, than ordinary macadam road. 
This idea advanced because seems solve good many prob- 
lems. The construction macadam telford roads extends through 
different territories and different kinds population, and can 
divided into what may called mural, suburban and rural. Now, 

each these kinds road requires, certain extent, special treat- 
ment, far construction for the travel and the available funds with 
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which construct them are concerned; and seems the speaker 
that would probably better confine the discussion rural 
roads, because the future more permanent and less destructible 
pavements will substituted great many cases, where macadam 
would now built. 

There are two points which attention should now 
the material; and, second, the handling and laying the material. 
Some years ago the speaker read paper before this Society, and stated 
that did not believe thin pavements, anything but telford 
pavement, far macadam was concerned, ordinary circumstances. 
His mind has not very materially changed this respect, and still 
adheres the principle, both theory and practice. Mr. Leutze states 
that put down 8-in. macadam road. The speaker hardly thinks 
this wise practice, and believes that road would cheaper, very 
serviceable, and would give better results ins. telford and ins. 
macadam were used instead ins. macadam only. the first 
place, most parts the country there available local stone, which 
not perishable, which can used for foundation, leaving only the 
final finish provided from other sources. the speaker’s 
10-in. telford than 8-in. macadam, and the final results are much 
better. 

The next problem the question the selection stone. 
conceded, all hands, that trap rock the sine qua non for macadam 
telford pavements. There are different kinds trap rock and 
work treatment, but probably will agreed 
-all that trap rock pavement, can built cheaply, even 
slightly greater cost than other stone, the best. Certain country 
roads built with granite rather soft quality, have been examined 
the speaker, which, for the use which they are put, are quite 
well-selected granite one two respects preferable 
trap; more friable, and, though wears out little faster, 
does not break dry weather, and where can had with 
short haul there specific objection it. course, granite con- 

taining too much mica will not successful. 

limestone country, properly handled, properly laid and 
judiciously finished, successful results can had with good lime- 
stone road. Its defects are known. grinds out easier than either 
trap granite. Itis dusty. also known limestone road 
much preferable any other construction, except either trap 
granite. 

Then there the local use the shales and gravels without 
treatment. Construction permanent gravel road aborigi- 
nal granite foundation can hardly classified engineering 
improvement the way roads. Yet the proper use gravel, care- 
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fully handled, thoroughly rolled and well selected, can make 
satisfactory road for Mr. North’s suggestion nine months the 
year, but not for more than the nine months. the shales 
which can treated and make really better road for nine months 
the year than limestone. 

naming these materials, nearly all the material for roads this 
section the country has been exhausted. the southern States 
there are other materials. Tennessee there excellent natural 
material that makes fair traveling roads; and, course, the South, 
roads are not apt broken frost, and all the care neces- 
sary keep the water away and keep them from washing 

regard the size the stone, the speaker sume years ago laid 
down principle that all stone for roads should pass through 
ring. has modified this view, having found that the 
locality the roads should considered, and now classifies the- 
sizes the stone according the character the travel. While 
very satisfactory driving road can secured from stone for 
ordinary country travel, and for nice driving travel suburban 
community, the same cannot said where travel heavily con- 
gested and, late years his practice, the size has been in- 
creased from ins., not only the score economy, but 
secure better results and better and more uniform surface 
while, the abandonment the ideal stone, the smooth sur- 
face sacrificed, generally better average result obtained 
the use the larger stone. does not have the sizes mixed. 
3-in.—no dust, small stone intermixed. road there 
patch 2-in. stone, and then beyond that little patch the 
latter will wear out more quickly than the former, and year 
two there will uneven surface which should avoided. The 
speaker wishes here emphasize this point those who manage 
the industry, which large amount capital invested, break- 
ing stone for the market. The difficulty that the arrangement 
the crackers and the adjustment the screens sufficient consideration 
not given separating the uniform sizes stone 
The men who handle the stone crackers and stone breakers are too 
dump heap, and stone asked for, the answer 
will give you little finer, but doesn’t hurt.” does 
The use anything but uniform sizes material drawback the 
final success the road. engineers will insist that point, the 
result the wear and tear the roads will much more satisfac- 
tory, not only the engineer, but the community, 

The question the top finishing the road matter about 
which the speaker not particularly solicitous. The top finishing 
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dust placed, probably will last from one three months, 
after which the travel down the hard wearing surface below. 
roads that are constructed for fancy driving, dust very pleasant ac- 
cessory, and desirable that account; rarely traveled country 
road very desirable because prevents the breaking the 
stone surface below dry weather, and, certain extent, prevents 
wash very wet weather. Generally speaking, however, the question 
the dust not importance. suggestion, however, has been 
made that mixture the trap rock the ideal stone and the lime- 
stone, which has better cementing power, might advisable. 
Another point which mention might made much 
verted question—the packing, that is, the injection extraneous 
matter with the stone for the purpose binding. This packing 
nothing but temporary expedient get the road down its per- 
manent condition, and, detail construction and not 
permanent factor the wear and tear the road. great deal 
controversy has arisen whether gravel, sand, clay loam the 
best material for packing. the speaker’s experience almost any 
available material, carefully selected, will the work required it. 
Gravel sand may used, but the speaker does not recommend 
either. Clay should used very sparingly. Ordinary earth, 
loam, called here, about the most efficacious material use 
for the purpose getting road down speedily. Clay treacherous. 
The speaker has known piece road utterly ruined over- 
dose clay its construction. breaks the road continuously, 
and the damage never rectified until another coating put 
eliminate the original error. merely question judgment 
the part the engineer how will use packing, and 
using that judgment the element weather the most important 
consideration, outside the question the character the 
stone itself. hard Orange Mountain stone needs great deal 
more packing get down than does the Bergen trap stone, 
and Bergen trap stone needs great deal more than granite. The 
granite wants very little. The limestone wants hardly any all. 
The shale furnishes its own packing. But, going back the point 
mentioned, the weather important consideration this item 
packing—not only the weather to-day, but the probable 
weather conditions that may exist the two three months before 
the road finally consolidated. period dry weather can 
anticipated, itis reasonable and desirable that great deal more pack- 
ing should used than the road built late the fall when there 
prospect wet weather ahead. the latter case packing should 
used very sparingly. entirely matter experience and 
judgment. care used the selection and application the 
packing, great deal the trouble that engineers find building 
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roads throughout the country, and the criticisms made that the pack- 
ing should not there, does not belong there, and that fraud 
the part the contractor put there, will eliminated. 

The speaker has known whole communities torn pieces the 
question packing, and governing bodies indicted the question, 
simply because the public mind was not educated what was 
proper practice that place and time. 

There one other point which bothers all who are building roads, 
namely, the interjection trolley track the middle telford 
pavement, and very important that should discussed. The 
conditions maintenance pavement with trolley track are 
entirely different from the conditions the ordinary road which 
the travel uniformly spread over the entire surface. The laying down 
arail, and the laying pavement each side the rail, causes 
distinct and well-defined line travel each side the track. The 
trouble that instead the pavement wearing uniformly over its 
surface, that noire all road engineers—the rut—is started. This 
question ruts one the most important with which have 
deal. last two years the speaker’s practice has been 
changed altogether. Instead 2}-in. stone uses 3-in. stone, and 
each side the track made separate roadway itself with its 
own individual crown. The experiment putting coating gravel 
the top pavement, first matter economy, has also been 
tried. Experience shows that the increase wear and tear and the 
cost maintaining similar area roadway each side trolley 
track about twice what would with the ordinary condition 
macadam telford road. Providence, which practically 
macadam city, the same problem has arisen. 
with trolley tracks like all American cities, and maintaining the 
roads larger stone being used. The City Engineer Providence 
1897 said, reply question, that the final result arrived 
there was rip them all out. may that that will the only 
solution. there has been satisfactory solution the 
maintenance that kind road-bed. 

temporary Commission was appointed investigate the whole topic 
road building that state. 1893 the Commission was made 
permanent. 1894 was given appropriation $300 000; 
1895 was given $500 000; 1896, $600 000; 1897, $800 and 
1898, $400 0U0, all which was expended upon roads petitioned 
for the Selectmen the different towns the Commissioners 
the different counties. 

comprehensive scheme was first laid out, which included main 
roads throughout the length and breadth the Commonwealth, 
amounting the aggregate about miles, and effort was 
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made direct the petitioners, certain extent, that the roads 
petitioned for might form parts completed whole. the 
present time there have been received the State Commission 460 
different petitions, covering 1094 miles road, and these peti- 
tioned roads there have been laid out and constructed 223 miles. 
Each mile road which has been constructed forms part one 
the main roads before mentioned. The Commission the beginning 
its work selected the most difficult roads for treatment, the object 
this action being two-fold: first, better the entire road 
removing the heaviest obstructions travel, and, second, show 
reduced average cost rather than uniform increasing cost. 
taking the cost work, has been carried out Massachusetts, 
this fact must always borne inmind. Theaverage cost the work 
done the Commission has been $10 300 standard mile, broken 
stone road ft. wide, with gravel shoulders ft. wide each side 
the stone, and including the incidental items grading, draining, 
foundation, culverts, bridges, fencing, engineering, etc. 

When road engineers fail agree, the probabilities are that their 
conditions are entirely different. describing the work which has 
been done the Commission Massachusetts, perhaps might 
well first outline the conditions which are found there. 

The topography the State may generally described follows: 
Cape Cod, narrow strip land, extends from miles into the 
sea, and the eastern part the State. the main made 
sand, with high moraine ridge, extending lengthwise through the 
center. This moraine made mostly hard, boulder till, with 
large masses schist, slate, and granite, either embedded the till 
scattered The south side the moraine asandy 
nature and devoid stone. The north side the moraine well 
supplied with field stone, mostly granitic, sizes varying from few 
inches many feet diameter. There are few available banks 
clay. Back the Cape Cod district the main easterly shore belt, 

about miles wide, which voleanic origin, abounding 
trap, felsite, granite and conglomerate, any one which stones makes 
good road material, while some them are the best quality for this 
purpose. Then, working westerly, there broad area known the 
Worcester Plateau, mostly drift. The native rock this section 
either schist, slate gneiss, none which can advantageously 
used the construction roads. Westerly the Worcester Plateau 
comes the Connecticut Valley, with long ridge high hills, made 
almost entirely trap rock, beginning near the northern end 
the State, following the river across the State and continuing into and 
across Connecticut. Westward the Connecticut Valley another 
level area which are found poor grade field stone, but 
good ledges. Then comes the Berkshire Hills district, which prac- 
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tically devoid good road material, the main Berkshire Hills being 
composed schistose and lime rocks, with small quantities 
quartzite. 

Large crushing plants have been set various points the 
lines railroads, and these supply broken trap rock different parts 
the Commonwealth. The stone thus delivered varies price from 
$1.40 per ton the car its destination. All the larger com- 
munities can supplied economically this manner, but when the 
road built lies two more miles from the delivery point, the in- 
creased cost haulage over the highway makes necessary aban- 
don the trap and use the native rock, even though poor quality. 
Quartzite has not given good results, lacks binding properties. 
Schist slate has not been used. Lime rock has been used one 
road, where gives good bond, but wearsrapidly. Mixed field stone 
has good bond, but wears leave the harder stone projecting 
above the surface. Better results can obtained the hard stones 
picked out and broken themselves for use the wearing 
course. Some the harder granitic rocks are difficult roll, but 
when thoroughly rolled make good road. Gneiss and the softer 
granitic rocks have not been used. 

almost all these territories the country undulating, with hills 
varying from 100 ft. 2500 ft. high points traversed roads, that 
the grade problem important one, and the cost grading must 
taken into account. The Berkshire Hills district, the western part 
the State, abounds clay. Over this clay the old roads have 
been built, and during certain seasons they are practically impassable. 
The roads this section, well like roads other parts the 
Commonwealth, have been treated specially clay roads, and the 
greatest possible care has been exercised secure good foundations 
and perfect drainage. laying out the work, and the very begin- 
ning, the subject cost was certain extent ignored, the object 
being get the best road possible, and one which would require the 
least annual outlay for maintenance. The engineer was instructed 
prepare and bring plan for long road could built for 
certain stipulated amount money, say $10 000 $20 000. 

His instructions were that grade should not exceeded 
unless special vote the Board. The laws granting damages are 
liberally interpreted all juries the State, that has been 
found necessary protect every embankment, having height say 
more, substantial guard rail, and, therefore, this item 
must considered studying the cost the construction. 

The strictest attention has been paid drainage. Where the road 
passes over wet non-porous soil any kind, has been drained 
the most substantial manner placing one drain the upper 
side scarp road, and both sides the road passes through 
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cut over level bottom. These drains have all been given pitch 
not less than ins. per 100 ft. The trenches have been excavated 
ft. below the subgrade, the depth increasing level stretches give 
the required pitch. From ins. fine, porous gravel was spread 
over the bottom each trench after was excavated. Vitrified clay 
pipes with bell and spigot joints were placed this gravel, with the 
joints open; and around and for ins. over the top was placed gravel 
free from sand, and which had passed through }-in. mesh. Then 
the remainder the trench, the subgrade, was filled with 
coarser stones, varying from in. ins. their largest diameter. 
All drains have been carried outlet, either culvert, 
natural water course, storm sewer. 
passing over clay non-porous soil telford road has been 
built using ins. gravel, ins. coarse stone foundation 
and ins. broken stone covering. The subgrade was first shaped 
the proposed cross-section and grade, carefully rolled and then covered 
with from ins. porous gravel. this gravel was placed 
the telford foundation ins. depth, laid the ordinary manner 
with the large edges the stones downward, the longest diameter 
across the road, and each stone self-supporting, not leaning one 
against the other. The interstices between these large stones were 
filled carefully with small wedge-shaped stones driven maul. 
The tops were broken off even surface. Then the whole surface 
was evened with the tailings from the crusher with other angular 
stone, and then rolled with roller until came permanent 
and unyielding foundation. This makes what designated the 
telford foundation, the telford road without the top broken 
stone, and has been used, has been said, all roads with non- 
porous foundation, where was cheaper use the coarse stone than 
would have been replace with broken stone. many cases 
better results have been obtained using broken stone from top 
bottom the road than using the larger telford stone the 
bottom. placing the broken stone the road, was telford 
foundation, was usually spread give ins. the center and 
the sides, after thorough rolling with heavy steam roller. With- 
out the use the telford foundation, and over ordinary soil, the broken 
stone was spread give depth the center and 5ins. 
the sides after rolling. which could hardly called 
clay wet soil, layer porous gravel about thick was spread 
the soil before placing the broken stone, the subgrade being first 
rolled, then covered with the porous gravel, then with the broken stone. 
All the broken stone was screened into three different sizes the 
use screens with meshes ins., ins. and in. diameter, 
that, when broken stone referred any these roads, means 
stone separated this manner into 1}-in. and stone, 
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screenings. These have been laid courses with the size, 
the screenings, top all cases. country road and 
all roads where the traffic fairly light, the coarser stone 
has been placed the bottom, rolled thoroughly, and the surface 
brought the exact theoretical distance below the top the pro- 
posed surface with stone the same size. This has ordinarily been 
placed give 4ins. depth after being rolled. The 1}-in. stone 
has been placed this give 2ins. depth over the whole 
surface after rolling, and both these courses have been rolled 
thoroughly and evened with the same sizes stone used the 
respective courses. 

Ordinarily water was applied this period. Then the sur- 
face was covered with the screenings, that part the broken stone 
which had passed through the mesh. These were thoroughly 
watered before being rolled fact, they were drenched, that the 
water passed out the sides the road. Then they were rolled un- 
til the finer dust the screenings flushed the surface, and the road 
was opened and kept open. There are some roads which 
may injured the application water even this point. 
sandy loam road, loamy road road over which the telford 
has been laid, the application large quantities water this 
time, when the whole mass stone porous and open, likely 
cause puddling the underlying soil the subgrade, and the set- 
tlement the larger stone the telford the smaller stone the 
macadam; that after while the section the road will become 
misshaped and the stone will begin wave front the roller. 
Then, course, the rolling process must discontinued sufficiently 
long let the road dry out, and when again resumed, excessive 
use water must avoided. 

the selection the stone, due consideration given its hard- 
ness and toughness. Generally speaking, trap rock the best which 
can used, although the traps which are available vary greatly 
their value. The lowest grade trap used the Massachusetts 
work has gravity about 2.7, while the highest grade has 
specific gravity 3.07 3.08, making difference the weight 
little over 10%, and the cost fully $600 mile under the con- 
ditions which existed some the roads built. The treatment 
these different grades trap very material. The lower grade, 
the rock lighter gravity, will roll down very easily under 
the steam roller, while the higher grade, the heavier rock, breaks 
oif the edges more less, and certain cases does not compact 
under the action the roller without special treatment. This special 
treatment may consist the application little water before the 
screenings are laid on. may require small sprinkling sand 
Stone screenings, combination the screenings sand and water 
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may necessary. Either one these, ordinarily, will cause the 
stone knit together and permit the roller complete its work. 
There have been conditions where the speaker has felt that the 
trap rock apparently failed give the best results, the breaking 
the bond allowed the stone work loose and stand the surface. 
All road builders know, that one the greatest causes wear 
country highway the weather, and some roads the speaker esti- 
mates that fully 90% results from the action the weather 
rather than from the traffic. The binding course blown off 
washed off, and with the harder trap rocks sufficient quantity the 
fine dust not produced under the wheels traffic supply the loss 
caused the weather. Under these conditions there sure 
loosening the bond, and surface which the stone niore 
less exposed. This has been one the most serious difficulties which 
the Commission has encountered. There has been great temptation 
times try some other binding material than the screenings, but 
the present time, the 200 miles road which have been 
built, nothing but the stone screenings has been used during the 
original construction. certain country roads, however, when 
there has been rain for long period time and the rocks have 
appeared the roadway, very thin sprinkling coarse sharp sand 
has been used over narrow strip the center the road; that is, 
theoretically thin coating sand. The practical difficulty the 
use the sand, however, employ intelligent men carry the 
work the use small quantity only, the tendency being use 
too much. For example, visiting one the roads short time 
since, the speaker found that the whole surface had been covered with 
more less, not coarse sand, but fine sand. Unques- 
tionably that would prevent raveling, but not manner give the 
best results, the road was unsightly and yielding under the wheel. 
The Commissioners think that the mere sprinkling sharp clean 
sand will accomplish the desired purpose. 

prevent raveling out there are two other methods which have 
been tried, both them having been more less effective. One 
cover the top the course stone with very thin coating 
what termed blue gravel before spreading the screenings. This 
blue gravel natural broken stone angular fragments. 
bound together with the finer stone dust, and small, but varying, per- 
centage clay. The finer fragments angular stone which will pass 
mesh, mixed with the clay and the stone dust, make excel- 
lent binder when spread the top course stone thin layer (not 
over in. thick) and wet, then covered with the screenings and the 
whole The blue gravel and screenings together make very 
hard and elastic surface, which has been found stand both wet and 

dry weather perfectly well and which does not allow the surface ravel. 
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There one point connection with the sizing the stone 
which attention might called, viz.: country road the 1}-in 
stone constitutes the surface coat, with the coarse stone 
the bottom. Where the road passes through village where 
heavy traffic road this order reversed placing the stone 
the bottom and the stone the top. this method the 
stones are separated into sizes, and the proper sizes selected for partic- 
ular uses. Some such method that just described made necessary 
the fact that the ordinary process crushing the stone, there 
sure certain percentage each these varying sizes. The 
speaker thinks that the crushing ordinary trap rock about 13% 
the product stone and finer, and about 62% the 
product stone, the remainder being the 1}-in. stone. put- 
ting the stone has been described, viz., about ins. the 
stone after the rolling, and ins. the 1}-in. stone after the rolling, 
and about in. in. the screenings, the entire product the 
crusher will used. 

Fully the Massachusetts roads have been built native rock 
other than trap, the greater part being field stone mixed 
quality, such granite, quartzite, conglomerate, felsite, and small 
percentage the softer rocks. These native rocks have been mostly 
broken certain stipulated price per ton, varying from 
cents, means small portable crushers which have been set 
different contractors the line work, that under general condi- 
tions was absolutely essential either use the whole product the 
crusher else pay for certain amount waste. 

the maintenance the roads the present time regular 
system has been developed. The best effort possible has been made 
every case keep the road good repair. The principle per- 
petual care has been adopted, keeping the roads the standard 
without letting them pieces, and they have been repaired en- 
tirely the use the screenings with possibly the slight sprinkling 
sand, which has already been mentioned, prevent the raveling out. 

The cost maintenance cannot given the present time. The 
cost the work which was mentioned being per standard 
distributed over various items, and the grading item alone, 
that is, the necessary cut and fill bring the road maximum 
grade, has averaged 250a mile. The outlay for grading some 
roads was practically nothing, and others has amounted $12 000 
and even $15 000 mile where was mountain road, partly rock 
and partly clay, with heavy retaining walls either side, numerous 
culverts remove the surface water from the steep slopes, paved 
gutters, ete. these mountain roads, unless the water 
removed quickly from the side the road, great damage might result 
from single storm, and the culverts have been built short inter- 
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vals prevent large and high velocities. The sides the road have 
been finished out width ft. Old tree stumps and roots 
have been taken out, large and loose rocks have been removed from 
the roadside, and generally from fence fence the location has been 
left good shape, the center constituting hard, smooth roadway 
for traffic and pleasure, with the sides pleasant look upon. 

Henry Bupp, Esq.*—In the year 1891 aroad law was passed New 
Jersey granting State aid the amount one-third the cost the 
roads. The proceedings under that law follows: Those wishing 
improved roads petition the freeholders for them, and, for the 
peculiar benefits conferred, agree pay one-tenth the cost. 
Then, the freeholders the county accept the petition, they order 
survey made and specifications prepared. the State Com- 
missioner, whom these specifications are forwarded, approves 
them, and the road built, one-third the cost paid the State, 
one-tenth the petitioners, that is, the residents along the line 
the road, and the balance, about 57%, the county. Under that 
law, 1891, $20 000 was appropriated, but not dollar was called for, 
the opposition the law being very great, especially the part 
farmers, who claimed that their taxes would unduly increased. 
1892, $75 000 was appropriated, and only about $21 000 called for. 
1893, $75 000 was appropriated, and about $71 000 called for. 1894, 
$75 000 was appropriated, and nearly the whole amount was called for. 

mandamus clause the law compelled freeholders build roads 
when petitioned for, and when building began there came from differ- 
ent parts the State cry that was tyrannical and oppressive 
Strong petitions and many farmers opposed this clause before the 
Legislature, and was eliminated; but the object lesson had been 
given different parts the State, and from that time applica- 
tions became numerous even counties which had opposed the law 
and opposed the mandamus clause. 1895, 1896 and 1897, $100 000 
was each year appropriated and spent. the last year even more 
was spent. Work being done under $100 000 appropriation for 
1898. The State aid $100 000 means expenditure about $350- 
000 year, taking the State, county and individual contributions, 
which all hinge upon the State law and the acceptance roads peti- 
tioned for the Commissioner. Under that law miles have 
been built and about 300 miles more are petitioned for. Under the 
first working the law the roads were rather expensive, the most 
economical way construct them had yet learned, and contract- 
ors had nearly their own way, which resulted cost from 000 
$10 000 per mile. After while stone-crushing plants began 
multiply, and great deal competition resulted. was learned 
that thinner roads were sufficient bear the traffic, and the cost was 


Road Commissioner New Jersey. 
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reduced from $7000 mile. 1897 they cost about 
000 mile, and 1898 about 000, and two roads ft. wide and 
ins. deep were built for per mile. Omitting few gravel 
roads from the miles now being constructed, the cost will about. 
first, from miles road per year was im- 
proved; 1897, miles. 1898, about miles are under construc- 
tion. Essex County telford roads are the rule, but other coun- 
ties pure macadam construction leads. the former there are large 
quantities stone fences which the farmers are glad get rid of, 
and which make excellent telford foundation. Through this 
county trap rock ridges are common that crushers can estab- 
lished along the line each road, and thus the road can covered 
cheaply with broken stone. makes little difference cost 
the roads are ins. thickness. 

the southern part the State 8-in. macadam the leading 
depth, there being only one 6-in. road. the country the roads are 
built and ft. wide; the towns, about ft. wide. These 
widths have been fixed the limit for State aid then, the citizens 
the municipalities wish the whole street covered, they the bal- 
ance their own expense, and the extra paving does not enter into 
the State’s calculation cost. These roads are costing all the way 
from cents cents per square yard, and where telford used, 
bad places, the cost reaches cents. The average cost these 
roads 1897 ranged from cents per square yard. 

the upper part the State, Morris and Passaic Counties, 
roads are built only and ins. deep consequently their cost, where 
rock mined along the road, ranges from cents per square 
yard. Trap the leading rock for construction. Commencing 
the Palisades, the trap rock formation, miles wide and miles 
long, extends the whole width the State, jutting out convenient 
places each section. The railroads run north and south, east and 
west through these trap ridges, and consequently the trap can 
mined and easily transported any portion the State. The south- 
ern portion the State vast plain; north and around Trenton, 
glacial drift; south Trenton, alluvial deposit, once the bed and 
shore the ocean, with stone the elevations the surface 
consequently, all stone used has imported, and the railroads 
running through the trap ridges bring the stone the southern 
counties the State price almost low when transported 
rail further north. The railroads seem have common price for 
carrying stone, there being not more than cents ton differ- 
ence between long and short distances, say miles and miles from 
the trap ridges. The southern and eastern portion the State 
largely sandy plain, with occasional gravel deposits. this por- 
tion gravel roads have been adopted with good results. Experience 
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here shows that gravel laid upon sand makes better road than when 
placed hard bottom. The average haul does not exceed quar- 
ter mile, that the cartage not important item the cost. 
The cost roads ft. wide, with ins. compacted gravel, 
from 000 mile. There now one gravel road miles 
length, forming, with stone road commencing Camden, com- 
plete highway miles long between Camden and Atlantic City, 
which carriages bicycles can travel easily and rapidly. many 
000 bicycles day pass over it, during the summer season. 

The plan has been create, rapidly possible, con- 
tinuous highways. When the law first went into operation little 
piece road was applied for here and another there, with connec- 
tion between them; and, consequently, there was continuity. 
system continuous avenues has now been adopted, and very 
nearly completed from Atlantic City the southern portion the 
State Jersey City, and from Jersey City the extreme western 
boundaries Morris and Passaic counties. great many lateral 
roads leading into these avenues and different county seats and 
important towns have also been improved. the western section 
the State another system being built which almost parallel with 
the first, that few years there two continuous lines 
north and south through the State, besides many lateral roads lead- 
ing into them from the east and west. 

The State Aid Act first was extremely unpopular with the farmers, 
and had not been for the wheelmen the law would probably have 
been failure. The wheelmen persuaded the Legislature, that 
was the interest the State vote for good roads; the farmers 
were very strong opposition. Now, the wheelmen are not using 
much effort, and the farmers are the pleaders and workers. some 
parts New Jersey man cannot now elected the Legislature 
history that farmers are the earliest opponents road improvements, 
and later the most ardent advocates. The speaker had been before 

committees the New York Legislature, when the committee rooms 
were crowded with hundreds farmers protesting that the contem- 
plated law would ruin them, although was developed that the towns 
paid the State taxes. was also shown there that under the 
law some the larger farms would not taxed over year. 

The reason that farmers New Jersey are becoming warm advocates 
the law shown the following example. Camden and Glouces- 
ter counties are two great farming districts, which immense amounts 
vegetables and fruits are raised and hauled the Philadelphia 
markets. Before the advent stone roads, the farmers had drag 
their produce from miles through heavy sand. was with 

culty that baskets truck could taken one load. The 
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size the wagons has been increased, and they now carry from 130 
160 baskets. Formerly great deal produce was shipped small 
boats the numerous creeks which intersect that section the 
country and are tributary the Delaware River the freights, cartage, 
amounting from cents per basket. The farmer now 
his own produce market, and saves from $10 day. 
five loads week are carted, the saving from $50 $60, and, 
addition, the produce delivered the customer fresher condition 
than when sent boat, where three handlings are necessary. can 
readily seen that under these conditions farming community 
becomes ardent advocate good roads. 

Gneiss and granite are the leading rocks the northwestern por- 
tion the State, and here the practice use this native rock instead 
trap, thus avoiding the cost transporting the latter. These roads 
are consequently very cheap, and while they not last those 
made trap, they can frequently resurfaced small cost. 

Lewis, Am. Soc. E.—The speaker will simply attempt 
outline the most important points road construction. 

The idea that hard, smooth roadways are essential the streets 
large towns, but are luxury beyond reach rural districts, while 
has been persistent, gradually giving place the conviction that 
all roads can well good bad, and that the money used 
improving them profitably expended. 

Many efforts have been made express dollars and cents the 
cost bad roads, and the figures deduced have been astounding. 

Virginia, for instance (which, must admitted not famous 
for good roads), stated that the interest depreciation land, 
the additional cost and time lost hauling, and the annual deprecia- 
tion vehicles, horses and mules, amount 275 000, which 
nearly 500 000 more than the total tax collected the State. 

The Secretary the National Farmers’ Congress has estimated that 
the needless cost moving farm products the United States,—i. e., 
the cost beyond what should be,—is $600 000 000 ayear. Professor 
Latta, Purdue University, basing his estimates the conditions 
Indiana, concludes that the difference between good and bad roads 
cents per acre farm land, $500 000 for the entire United 
States. 

The fact that poor roads are the source great expense has been 
well demonstrated good-roads leagues and other kindred as- 
sociations that need not beenlarged upon. Some States counties 
have, legislation, taken the matter up, and are transforming their 

mud dust” into hard smooth roads over which far 
greater loads can hauled with much less power. enthusiasm 
the subject has developed that will soon break down indifference 
and prejudice, and result the permanent betterment the roads. 
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These attempts improvement have sometimes been very crude. 
Wisconsin, shingle sawdust, ins. ins. deep, and covered with 
few inches sand, has given good results for four five years. 
prairie alluvial districts where gravel other coarse material 
not easily available, and where stone almost unknown, few inches 
brush straw covered with earth has given good drainage and fair 
roads. Gravel mixed with little clay has made excellent roads 
localities where such material readily obtained. 

This discussion, however, should confined road building, not 
road mending, the operations referred may more properly 
described, and road building scarcely the application makeshift 
methods, but the permanent construction according the best 
practice. Not that the same kind road should built under all 
conditions, but this, other engineering work, the construction 
should governed the use which will put, and the resources 
which are available pay for it. Stone roads only can considered 
permanent. The building such roads can begin before the making 
contract for the actual work. The ultimate improvement 
macadamizing allimportant roads should kept mind, and such 
work done from season season should determined accord- 
ingly. assumed, course, that all roads have some kind 
supervision, and that there competent officer, whether County Engi- 
neer, Superintendent Commissioner, who charged with the pre- 
sent care and planning for future improvements the highways. 
speaker aware that this bold assumption.) The dirt roads 
should, therefore, well drained, both surface ditching and 
under-draining where the soil heavy. This will greatly improve 
the dirt road, and essential permanent work. Hills can 
cut down, and low places raised, gradients being reduced, and 
many cases alignment can improved before permanent improve- 
ment authorized; but should kept always view. Such 
supervision hard obtain. The general impression that 
engineer not needed until profile, plan and specifications for ma- 
cadamizing are made. will doubtless require mandatory legis- 
lation before intelligent technical men will placed and retained 
such positions. 

the character roads built. near large town, 
where the traffic will considerable, the road must generous 
width, 20, even ft. for the metaled portion. For country 
roads, where the traffic less, this would waste space and 
material, and width sufficient for two vehicles pass enough— 
say ft. Similar considerations will govern the selection material. 
Where the traffic heavy will wise economy secure the hard- 
est, toughest stone available, even though softer stone can ob- 
tained near hand less expense. The cost rolling trap rock 


| 
| 
4 
| 


Papers.] DISCUSSION ROAD 737 


road will greater than for limestone road, but the traffic suf- 


ficiently heavy higher price for the tougher material, well 


creased cost rolling will justified the more permanent results 
obtained. 


cases where the traffic light, good limestone will make most 
satisfactory road, and one which can more economically repaired 
than any other. Dependence will often have placed, however, 
upon the local stone, unless, already remarked, the traffic very 
heavy, when the toughest and best material should obtained even 
considerably greater cost. Field stones are usually tough, and 
make excellent road metal, but are apt variable hardness. 

the foundation: Drainage sine qua non. This 
very simple matter Long Island, where the soil nearly always 
gravelly, and surface water soaks away very rapidly. Side ditching 
and underdraining must done, necessary, secure dry road- 
bed. Once drained can rolled, and the character the soil is, 
the speaker’s judgment, matter little consequence, except that 
loose, clean sand, the addition little earth loam will 
necessary before can rolled. After rolling with steam 
roller moderate weight, the roadbed ready for the stone. The 
aversion Macadam foundation large stone was very strong. 
said: 

The roads can never rendered perfectly secure until the follow- 
ing principles fully understood, admitted, and acted upon, viz., 
that isthe native soil which really supports the weight that 
while preserved dry state will carry any weight without sink- 
ing, and that does fact carry the road and the carriages also; that 
this native soil must previously made quite dry, and covering im- 
penetrable rain must then placed over that dry state; that 
the thickness road should only regulated the quantity 
material necessary form such impervious covering, and never 
any reference its own power carrying weight. 

erroneous opinion long acted upon and tenaciously ad- 
hered to, that placing large quantity stone under the roads, 
remedy will found for the sinking into wet clay other soft soil, 
or, other words, that road may made strong arti- 
ficially carry heavy carriages, though the subsoil wet state, 
and such means avert the inconvenience the natural soil re- 


ceiving water from rain other causes, has produced most the de- 
fects the roads Great Britain. 


one time had formed the opinion that this practice was only 
useless expense, but experience has convinced that likewise 
positively injurious.” 

The following evidence given him before Parliamentary 
mittee shows still more clearly what views held the subject 


should think that ins. of* well-consolidated material equal 
carry anything. 
That is, provided the substratum sound? 


No, Ishould not care whether the substratum was soft hard; 
should rather prefer soft one hard one. 
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You don’t mean you would prefer bog? 

was not such bog would not allow man walk 
hard substratum, such rock, the road wears much sooner than when 
placed soft substratum. 

But must not the draught carriage much greater 
road which has very soft foundation than over one which 
rocky foundation? 

think the difference would very little indeed, because the 
yield good road soft foundation not perceptible.” 


course these extreme views the unimportance founda- 
tion would not endorsed engineers to-day. 

Some the finest specimens road making are those laid 
telford foundation—notably, the roads Central Park and some 
those Prospect Park. would not prudent say how thick 
they are, and they are perfectly drained, but their cost must have been 
very great. Assuming that road maintained after construc- 
tion, why make more than ins., or, many cases, ins. thick? 
this thickness made with two courses broken stone will 
certainly sustain any load which can called upon carry. The 
real value road, per mile, increases with its length, not with its 
depth, and the public money can best expended increasing the 
former. 

building country highways, city lots upon which assess the 
cost are not available. With farm lands within two hours’ ride 
New York City, selling for from $20 per acre, addition the 
cost the buildings upon them, not practicable lay telford 
foundations and put the broken stone the foot. Macadamized 
roads ins. thick and ft. wide can doubtless built country 

districts where material can obtained within moderate distance 
for 000 mile, and many places for 500 000 per mile. 
General Roy Stone stated before the Senate and Assembly Committees 
Albany that 000 per mile would build good roads New York 
State, except the vicinity large towns, but must have had 
mind something other than what commonly known macadamized 
road. The method building, the size stone, the rolling, 
are well known, and much has been written upon the subject, 
that necessary refer them before this Society, ex- 
cept promote discussion, for there are still some differences 
opinion. Some engineers, faithful disciples Macadam, still prefer 
stone nearly possible uniform size, entirely free from chips 
and stone dust, though they would scarcely specify, did Macadam, 
that The stone should broken men sitting their haunches 
and striking with small hammer.” This might done within 
prison walls the State, but scarcely under other circumstances. 
Stones varying ins. in. will have fewer voids, and 
will form more solid roadway, with far less rolling than the case 
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those uniform size. When Jimestone used, stones varying be- 
tween the limits named will, with the addition few screenings 
the same material, make smooth, hard road, with comparatively 
little rolling, and one which will very satisfactory under light 
ordinary except dry weather, when will dusty. 
Efforts have been made build good road trap rock, without the 
addition any fine material, but the speaker believes they have been 
unsuccessful. Persistent rolling with very heavy rollers, preceded 
sprinkling cart, has reduced the size the surface stone, but there 
has been cementing the surface material. The addition trap- 
rock screenings and flour resulted great improvement. This 
flour largely quarry sweepings (or was before the demand for trap 
became great present), and the speaker convinced that 
the more foreign matter the flour contains, the more satisfactory are 
the results. Specifications recently prepared provide for binding 
material for trap-rock roads, 60% which shall consist trap-rock 
screenings and flour, and 40% selected coarse sand fine gravel, 
preferably mixed with little clay hard-pan. 

Limestone screenings filler with trap rock give excellent results, 
though the road subjected very heavy traffic the trap 
screenings mixed with sand would probably better. The use 
the Roa Hook gravel from the Hudson River near Peekskill has given 
admirable results binding roads, and patching the surface, 
and makes beautiful surface for riding, but short-lived and 
expensive. 

the State going into the road-building business, there 
source economy which may taken advantage of. There are 
about 000 able-bodied men Sing Sing Prison who might very well 
prepare material for the roads. California said that the cost 
furnishing road material the State has been reduced about 
centsaton. There, vein excellent trap rock runs through the 
prison grounds, and they have set the prisoners breaking it. The 
railroads have given favorable rates, and said they are laying 
stone along the roads about the price which can produced 
ordinary quarries. 

The important points road building, they appeal the 
speaker, may summarized follows: The anticipation the ulti- 
mate, substantial improvement every road and the determination 
the work which done with that view; the rectification 
grades where possible, bearing mind that the loads which can 
hauled over any road are determined the steepest gradient the 
road; the proportioning the width and depth the road accord- 
ance with the density and the volume the traffic which will have 
sustain; thorough and conscientious drainage the foundation 
where the material requires artificial drainage; the selection the 
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toughest material which can possibly secured for the money avail- 
able; thorough rolling, with judiciously selected binding material, 
and above all the care and maintenance the road when complete, 
and these might added constant supervision trained 
technical man, whose term office shall not one two years, but 
who shall kept there long that the State the county may have 
the his experience. 

Assoc. Am. Soc. E.—About the year 1865 the 
Central Park roads were macadamized with chips from quarries near 
New York. These chips consisted the waste material from the 
quarries, which had not been put through crushers. From that time 
down about 1890, generally speaking, roads were built any way 
anybody. County commissioners usually built the roads, and very little 
attention was given how they should constructed. Stone was 
bought, carted the road, distributed, and allowed wear down under 
the travel. Engineers, far they did have charge road building, 
treated questions that came before them diversely, and there was 
uniformity practice. Since the early nineties conditions have changed 
very much. There exists now general agreement regards the 
practice road-making, and the art has drifted more into the control 
engineers and county commissioners, and politicians less road 
building. There now body contractors willing build 
roads, and consequence much better roads are built were 
constructed formerly. There one point, however, which the 
speaker would call attention, where all that could done has not 
been accomplished. Road building now the hands engineers, 
but has not yet attained the position ofa fine art. Almost any 
engineer accustomed road work will build good road; but the 
difference the economies that can effected roads con- 
structed some engineers and constructed other engineers 
still very great. These nice economies should discussed, rather 
than questions general practice, which already are well established. 
The question stone sizes, mentioned Mr. McClintock, prac- 
tical one. necessary use all the product from the crushers 
roads are constructed economically; otherwise the large stone, 

get down uniform size, must recrushed, and the small 
stone will wasted. 

Another point which nice questions economy occur con- 
nection with the subject thick speaker’s 
experience goes the art road building consists making thin 
road far possible. When bad places are encountered, 
thick piece road-bed such will distribute heavy load over 
large surface before reaches the limit the bearing strength the 
road. necessary put down thick roads where they are subject 
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heavy, urban travel. not necessary, however, build even 
8-in. roads country districts generally, particularly where 
bottom and the drainage easily taken care of. Ifa little 
more spent for drainage, where the bottoms are not good, thin 
road can well thick one, and money will 
saved. Such questions road building are new and interesting. All 
the suggestions that have been made this discussion are safe, far 
experience leads the speaker judge them. thinks that 
would safe farther, some instances. The principal con- 
sideration, which should borne mind, is: How far can these roads 
safely constructed not also worth while sometimes make 
experiment, when does not cost much, order see what 
possible the direction making the minimum amount 
money build the maximum amount road? Mr. Lewis truly said, 
road valuable the people who use it, not according its thick- 
ness, but according its length and width. this connection the 
speaker does not believe—and this the only technical point 
wishes make—that enough attention has been given the question 
consolidating roads into compact, almost monolithic, masses 
stone. road which will shed the water the sides and keep its 
base dry conforms Macadam’s idea what road should be— 
simply wearing surface top dry solid underpinning any 
character. this base kept dry protecting the sides with 
ditches and drains, and constituting the road-bed surface virtually 
roof shed the rain, the road just effective from engineer- 
ing point view sound tooth, which simply consists hard sur- 
face upon soft base. order accomplish this desirable 
consider first the question filling and thoroughly rolling the road- 
bed; and, secondly, cementing the pieces stone together and 
keeping them that solidly set condition regardless wet dry 
windy weather. 

The question suitable materials for these purposes most im- 
portant. Trap rock undoubtedly the densest and hardest material 
which can used, but lacks binding properties, and, when used 
itself thin roads, particularly not carefully rolled, likely 
ravel out and pieces. 

Even when thin granite trap-rock roads have been carefully con- 
solidated during construction, they are likely pieces dry, 
windy weather, when subjected unusually heavy loads, when 
the soil becomes wet and yielding beneath them. 

This question maintaining the surface thick granite trap- 
rock roads, and maintaining the body thin granite trap-rock 
roads, serious problem which confronts engineers. 

the speaker’s estimation, thin roads subjected light travel can 
built more cheaply and maintained more effectively when con- 


oy 
bag 
| 
| 
3 
| 
4 
4 
| 
: 


742 DISCUSSION ROAD BUILDING. [Papers. 


structed other material than trap rock granite, since pos- 
sible cement such roads together, when not possible this 
with the harder stone itself. 

possible, however, bind granite trap-rock road together 
with cementitious limestone screenings such way bring into 
play the maximum efficiency both stones —the wearing qualities 
the trap and granite, and the cementing qualities the limestone. 
such roads, when properly consolidated during construction, the 
pieces harder stone not become separated from the mass, and 
the surface itself remains smooth, the wear coming upon the surfaces 
the harder stones, which are ground flat, and which not project 
knobby manner, likely the case when the siliceous 
binder washed out roads constructed siliceous stone. 

Many examples such trap-rock and granite roads bound together 
with cementitious limestone can seen the immediate vicinity 
New York City, some which have been subjected travel for long 
time, and give evidence unusual wearing qualities, besides affording 
smooth surface. 

This question binding thick and thin roads, however, only 
instance the general proposition which the speaker wishes make, 
namely, that the present interest which this road-making question has 
for engineers, commissioners, tax payers, and others, will found 
the consideration economies practiced construction and 
maintenance, rather than the general principles construction 
itself, which principles are now pretty well established. 

engineer who can build roads for 000 effectively 
another engineer whose specifications make their cost 000 mile, 
will come considered the community twice good man 
the latter. 

tion question extremely important that requires special con- 
sideration. Upon depends the expansion good road work through- 
out the country. Probably the principal item which economy can 
practiced—because about the only flexible item encountered 
road construction, the majority the items being fixed— the thick- 
ness the road-bed. Still, the speaker believes this the very item 
which engineers disagree the most. 

The question is, how thin can roads safely built? has not 
yet been positively ascertained, far the speaker knows. Having 
made some experiments that special direction would like sug- 
gest this principle for consideration, that minimum thickness 
may arrived at, e.: road-bed having been constructed strong 
enough safely carry the traffic that intended for, the condition 
the surface becomes absolutely independent the thickness. The 
condition the surface will dependent suitable design and pro- 
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portion, good workmanship and intelligent maintenance. this 
meant that, the thickness the road-bed had been propor- 
tioned that will carry the traffic without being cut through, and 
certain factor safety added that thickness, further increase will 
certainly not insure better surface. Hence, why should certain 
limit thickness exceeded, providing that limit can determined? 
course, thin road construction—that is, construction without 
artificial foundation—a careful distinction must made between 
roads intended for light suburban traffic and those designed for main 
thoroughfares. 

the construction thin roads the speaker must differ from Mr. 
Owen the proposition the binding filling material. The 
speaker has found that building thin roads almost impossible 
get successful work with soft binding material. absolutely 
necessary use binding material that hard and coarse, 
prevent any possibility motion the mass. motion occurs 
road-bed, failure bound follow. the filling these 
roads, the speaker would suggest that sand and coarse screenings will, 
arule, give the best result. has tried almost every material, 
and believes that great many the failures thin roads have been 
caused through the use soft filler. filling these roads has 
had considerable success adding the filling sand and trap- 
rock screenings slight amount clay some cases, others lime- 
stone dust, adding about 30% each instance. The raveling those 
cases was materially reduced, and the road-beds could left exposed 
the weather without detrimental effect. 

almost impossible keep roads surfaced localities where 
there heavy but where the traffic not too dense too 
heavy very good covering can made simply using the dust 
the crusher with very slight amount clay; the speaker has seen 
tried some places quite successfully. thinks that any one who 
will give personal attention for short time will find that 
such roads covering can placed which will remain there and 
give but little trouble. 

Harrison, Am. Soc. E.—On the Hudson County 
Boulevard, following the lead set Mr. Owen Essex, J., about 
400 000 sq. yds. telford macadam have been laid the last five 
years roads whose conditions were those city streets. Heavy 
traffic had provided for, and also the sewerage. The drainage 
had arranged connect with the sewers already con- 
structed different municipalities, and with view future con- 
struction. Under the Act sewers could built except the line 
the Boulevard. The road theoretically ins. deep, but practi- 
cally about 14ins. There are ins. telford, ordinary specifica- 
tion, all trap rock, and macadam. endeavored have 


2 
7 
4 
| 
| ; 
q 
> 
| 
- 
> 


744 DISCUSSION ROAD BUILDING. [Papers. 


about ins. ins. stone which will pass through 2}-in. ring. 
top that put the 1}-in. course, and the surface brought 
with coarse sereenings about in. above the finished grade, 
using great deal flour and wetting the road all the time and keep- 
ing roller it. 

When work the road was begun the cry the contractors was, 
You cannot expect bind trap rock with the first 
miles built there not spoonful anything but trap rock, but 
great deal rolling was done and great deal water used. This 
section standing much better than any other portion the road. 

the upper part the road the water had procured from 
private corporation, and was very expensive. The road was built 
summer. The water evaporated about fast went on, and this 
place the speaker allowed the use slight powdering clay between 
the 2}-in. and 1}-in. layers. The clay was needed hold the water 
few seconds only while the roller was going over the road. There has 
been trouble from raveling. course, this road sprinkled. 
country road, lime clay might used, which might prevent the 
raveling. The greatest trouble keep the road free from the dirt 
unpaved streets, from which there comes great deal wash. 

wagon coming through those unpaved streets loads its wheels with 
and the moment the horse strikes the telford begins trot 
and the mud drops the road. Some the contractors claim that 
this has helped consolidate the road, and there are people Jersey 
City who claim that good top dressing. The greatest difficulty 
experienced building the road has been accommodate the top 
surface the use bicyclers, trotters, riding horses and heavy teams, 
and the speaker has come the conclusion that cannot done 
that everyone will satisfied. The speaker believes bringing the 
traffic right down the stone, but all the top dressing stripped 
from the road bring the heavy traffic stone, the bi- 
cyclers object. 

this Boulevard there one peculiarity which has often been 
criticised. the fourteen miles from Bergen Point the county 
line, the middle the road gravel. That was radical experi- 
ment. was desired get wide road possible with the 
money available, and least 000 had spent for right 
way. Forty houses were bought and 400 were moved, and 
almost the whole right way had 
over the railroad cuts cost $130 000, and was found that the road 
could not built the prices then ruling and give the full 
ft. width macadam. The problem was whether the example 
Essex putting ft. macadam the center with earth wings 
should followed, whether the earth should placed the center 
and the macadam the sides. Just before that time tho late Chas. 
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Brush had built short piece road the upper part,of the 
county, which was intended have trolley the center. 
put macadam and telford the sides, and left ft. the center for 
the trolley track. This road had been existence about two years, 
and the center was perfectly drained the telford, was dry the 
spring and was used preference the stone road for fast driving. 
The speaker took that idea and enlarged upon italittle. strip 
was laid out the center the road, and after preparing subgrade 
ins. below the finished grade, the elevation the top the 
telford stone, 4-in. layer Shark River gravel was placed the 
southern miles the road. The upper miles has Roa Hook 
gravel. The Shark River gravel has now been place years, and 
has been worn down ins. the spring the gravel center, with 
the wings telford going down foot below, dries quicker than 
the macadam. Gravel dries very fast, and the speaker has great deal 
faith the South Jersey gravel roads, provided they are well 
drained. very great mistake haul trap rock Cape May, 
where there good gravel. 

There one other point regard which the speaker has not 
heard, except the Massachusetts case. constructing this road 
the surface was first shaped and rolled hard; then the telford was put 
and after breaking off the points and wedging well, the steam 
roller was put right top the rough telford. Two Harrisburg 
rollers and two English rollers were used. Those charge the 
English rollers went right ahead, but those having the Harrisburg 
rollers were first afraid would smash the rollers. This rolling 
great success, because the bottom telford put down that 
never comes again, and there any weak point once 
discovered. The real test the telford was the steam roller. When 
the contractor was willing have his telford rolled and made gener- 
ally smooth surface, the speaker was satisfied that the other course 
should on. Loose chips were not allowed top the telford, 
although the speaker does not know whether they would have done 
any harm not; but had idea that rolling they might work 
through the broken stone. The contractors all wished throw 
chips and make easier for the rollers. The telford was rolled; 
the first course was rolled, also the 1}-in. course; screenings were 
sprinkled and was finally rolled with water until the surface 
puddled. 

The speaker has found the mileage the rollers that every inch 
the road has been gone over from 100 115 times, and thinks 
has paid and has been the making the road. Since the road was 
finished has been the hands the freeholders for three four 
years. The great problem its management andcare. The speaker’s 
idea that great many men can found who can build good road, 
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but the hardest problem find one who can take care after 
built. Most people think that when road built will last for- 
ever; but there must certain percentage material put 
every year, and put the proper way. regard one part 
the Boulevard, after was finished complaint was made the in- 
spector that for about mile the macadam This portion 
was very finely surfaced, bound nicely, and was below grade and 
little thin, and, without picking the surface, with screenings 
was put bring up. was rolled thoroughly, and that portion 
the road to-day about fine any other the whole miles. 

about 800 miles macadam roads and streets which have cost about 
$10 000 000. these, 335 miles are macadam roads built carry the 
traffic Long Island farmers. more than 000 wagons run- 
ning market every day for very nearly six months the year. Each 
weighs when loaded between 000 and 000 lbs. The wagon itself 
stands weighs 600 lbs.; 3-in. tires are used. this traffic 4-in. 
roads are not The heaviest roads are ins. thick the center 
and ins. the sides. There are now 175 miles these roads under 
construction. far the sustaining power ofa thin road con- 
cerned, the speaker would like corroborate what Mr. Roullier has 
said, and can give good example the application histheory. 
the village Jamaica, 1897, there was stretch street about 
mile long that paralleled two roads then being improved. The work 
was done the spring 1897 sewer had been laid the same 
street. was built with ins. stone spread loosely. The stone 
was measured blocks, and was spread ins. thick, loosely, and 
then rolled. From actual count there were from 100 the 
heavy loads just mentioned per day for over three months running 
over this piece road, and only one case, where there was some 
careless work over sewer trench, was there any material sign 
wear, and place break. There was not yard the 
street broken, and carried these wagons. 

consideration the fact that much has already been said 
about sizes stone and methods construction, very little which 
would any material interest can added. The speaker, however, 
would like back Mr. Harrison’s assertion, even though the dis- 
poorly, but there adequate system maintenance put right 
behind the construction, the road can saved and made very good. 
Queens County there are some roads known quite widely being 
among the best bicycle roads, but which were poor when built. They 
were made good roads efficient maintenance. Queens County has 
the best system maintenance vogue the vicinity New York 
City, and itis considered the greatest importance. After road 
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well constructed immediately passed into the hands the 
parties who maintain it. 

The method used practically follows: The roads are divided 
into sections; the length section depends the location and the 
character the work, and averages about miles. Each section 
charge foreman who has continually employed small gang 
men, generally two and some instances many four. These 
men keep the stone work slightly covered with mixture gravel 
and loam, mend slight depressions, keep the gutters cleared up, and 
the wings earth shoulders free from grass and weeds. These earth 
wings are ploughed and reformed when necessary, order provide 
earth roads and good drainage. The wings are generally wide enough 
allow the passage wagons either side the stone work. 

addition the foreman, there superintendent who lays out 
the work detail and generally oversees the operations. This was 
formerly the system throughout the county and still used the east- 
ern portions. The work the borough towns has been let contract. 
Contract maintenance does not appear success. 

The county owns its own steam rollers, sprinkling carts and ma- 
chinery. The system has proved very efficient and the same time 
economical. 

Warren Jun. Am. Soc. (by letter).—During the 
past year and half the writer has done some experimental work with 
thin coverings dirt roads, which may interest engineers 
having similar conditions contend with. The work was done 
the Borough Manhattan, Fort Washington Avenue, which begins 
One Hundred and Fifty-ninth Street and the Boulevard, and runs 
northerly Until the summer 1897 this was dirt road, 
but lightly traveled the best weather and quite impassable 
times rain. The soil micaceous sandy clay. 

During that summer the writer spread, mile and half the 
road, thin covering ft. wide, using road material, 
with the express object determining the smallest possible cost 
which dirt road having light traffic could rendered respectable 
New York City. There was grading done, the only preparation 
being simple scraping and rolling, which was customary give 
the road about every week. Beginning One Hundred and Fifty- 
ninth Street, the sections were spread with material follows: 

Section. Location. Length. Material. 

159th-163d Sts.. 2-in. Roa Hook gravel. 

163d Sts.. 4-in. Roa Hook gravel screenings. 
165th-167th Sts.. 4-in. feldspar (no dust). 
167th-179th Sts.. 3157 Roa Hook gravel. 
179th-182d Sts.. feldspar screenings. 

182d Sts.. limestone (no dust). 
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The following are the itemized costs the several sections: 


Nos. and 4.—2-in. Roa Hook Gravel. 


Cost: 
451 cu. yds. material $1.97 (delivered)........ 
Spreading, 213 hours 53.25 
Sprinkling and rolling, 298 cents..... 
Cost per running foot........ 
Cost per mile..... 278.00 
No. 2.—Gravel Screenings. 
Cost: 
Sprinkling and rolling, 8.00 
Superintendence, tools, 3.00 
No. Feldspar Stone. 
Cost: 
Hauling and spreading cu. yds. rotten stone 
Superintendence, tools, 8.00 
Cost per running foot...... 
Cost per mile.......... 1145.00 
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No. 5.—Feldspar Screenings. 


Cost: 
Sprinkling and rolling, 16.00 
Superintendence, tools, 4.00 
Cost per running 
No. Limestone. 
Cost: 
146 cu. yds. material 
Hauling and spreading cu. yds. rotten stone 


More than year has now passed since this work was completed, 
new material having been added the meantime, except few 
loads gravel screenings. The section between One Hundred and 
Fifty-ninth and One Hundred and Streets has had stand 
unusually heavy traffic, owing the use this stretch trucks 
hauling material for the macadamizing Boulevard Lafayette. The 
road shows decided improvement, however, over its former condi- 
tion, though somewhat cut ruts, and the dirt has broken 
through few places. The short strips covered with gravel screen- 
ings and feldspar screenings were not satisfactory. The feldspar 
screenings were quickly ground into dust mud, while the gravel 
screenings resembled sand, and would not compact under traffic. The 
rest the road has preserved its surface very well. The best sections 
are those covered with limestone and feldspar, materials 
which behaved especially well hills. The coarse gravel furnishes 
hard, firm surface, though not smooth that the broken 
stone. will noticed that these three best sections cost between 
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000 and 150 per mile, from cents per running foot. 
localities where stone and labor are cheaper, the cost would 
considerably less. The writer wishes bring out the point that 
this avenue, where the construction expensive pavement was 
entirely out the question, and where the traffic consists chiefly 
carriages and light delivery wagons, roadway has been built which, 
regards its present utility, equal pavement costing ten times 
much. 

the City New York illegal assess piece property 
for more than half its valuation one time, customary 
allow street road remain unpaved until the property increases 
value sufficiently stand the assessment for expensive, per- 
manent pavement. After this first pavement laid, the city pays for 
all maintenance and repaving, but until this time the newly opened 
street suburban road must struggle through long period growth 
with its surface quite impassible for least three months the year, 
and poor condition during the remaining nine. This period 
growth is, all times, the most critical the history locality 
time when, all, the city county should extend its aid, 
and, comparatively small expenditures, maintain such streets 
respectable condition until the pavement laid. 

Such assistance would increase valuations greatly that the in- 
creased taxation would pay for the improvement many times over, 
and, thus fostering the growth the locality, would hasten the 


time when the expense better improvement could well 
afforded. 


[Papers. 
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AMERICAN SOCIETY ENGINEERS, 


INSTITUTED 1852. 


PAPERS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE LAUNHARDT FORMULA, AND RAILROAD 
BRIDGE SPECIFICATIONS. 


PRESENTED 16TH, 1898. 


1889 the author presented, the form discussion the paper 
American Railroad Bridges,”* Theodore Cooper, Am. Soc. 
E., review the fatigue metals, demonstrated the experi- 
ments Wohler, and the application the Launhardt formula 
these results. the paper treated the subject bridges from his- 
torical, rather than from technical, standpoint, this portion the 
discussion was withdrawn before publication, with the intention 
presenting later the form separate paper. Owing the pres- 
sure other matters the subject was laid aside until the present time. 

bringing the matter again before the Society, proposed 
note the most complete Wohler’s experiments, repeat the deduc- 
tions which were made 1889, and finally place the matter such 
form permit its practical application bridge construction. 
For this purpose general specification for railroad bridges presented 
herewith order elicit discussion. 

The author’s first practical training bridge work was with the 
use the Launhardt formula, applied bridge design upon the 


Transactions, Am. Soc. E., Vol. xxi, 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. The papers with discussion full will published the 
volumes 
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Pennsylvania Railroad Jos. Wilson, Am. Soc. Later, 
the service bridge shops, used the old method dimensioning, 
formerly outlined Mr. Cooper and others; and when subsequently 
returned the use the Launhardt formula, recognized more fully 
the extra labor which its refinements and general application involved, 
although its results, being universally applicable long and short 
spans and special conditions, were extremely gratifying where the 
item time consumed calculations was nota matter importance. 
was the endeavor simplify the application this general principle, 
while yet retaining its technical value, that the original experiments, 
published Engineering 1871, were more carefully examined. 

The adoption the Launhardt formula and the acceptance the 
theory ‘‘fatigue metals” had met with the most strenuous 
opposition those who had formulated used the older methods 
design. One the most severe arraignments this theory which 
came the author’s notice, was that Mr. Cooper,* when de- 
scribed the term fatigue metals absurd and 
and stated that ‘‘this result was totally variance with the accept- 
ance the perfect elasticity metals heretofore accepted,” and 
although his later specifications provide for separate live and dead 
load strains parts the structure, understood that the step 
was taken because the general uncertainty the effect live load, 
rather than any concession the theory fatigue.” 

the author’s mind, the experiments Wohler not only demon- 
strated clearly the fatigue metals, but also entirely destroyed the 
theory their perfect elasticity. These experiments were made with 
that careful attention details for which the German Engineers are 
justly famous, and though they involve such variety conditions 
render refined analysis difficult, yet they show uniformity 
results which leads unquestionable deductions. These experiments 
have been the greatest value the study the resistance 
materials. 

The material with which Wohler experimented included wrought 
iron, mild steel, cast steel for axles, and spring steel, but the results 
obtained upon wrought iron and spring steel were much more com- 
plete and satisfactory than the others that the present review may 
confined them. 

Transactions, Am. Soc. E., Vol. xvii, 181. 
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The experiments noted are follows 


Repeated Variations Tensional Strains (of known amounts). 


Maximum strain per 
inch. 


360 


47080 
34240 
47080 
*47 


*And not broken. 


Repeated Application Transverse Strain (varying between known 


Maximum strain per 
square inch. 


850 lbs. 


48150 
42800 
*34 240 


*And not broken. 
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Number applications load 
per square inch. 


before breaking. 


800 
106 910 
340 853 
480 852 

141 645 

424 
000 000* 


Number applications load 


fore breaking. 


169 750 
420 000 
481 950 

000 
035 400 
420 000* 

200 000* 


Rotating Bars, Fixed One End, and Loaded the Other (giving 


alternately equal strains opposite directions). 


Strain per square inch. 


240 


*17120 


*And not broken. 


Test pieces with filleted shoulders. 


Number applications load 
fore breaking. 


430 

000 

183 145 

479 490 

909 810 

632 588 

992 

186 791 
132 250 000* 


ah 
amounts). 
Minimum strain 
per square inch. 
4 
Pe 
4 
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Test piece with square shoulder. 


Number applications load 


Strain per square inch. before breaking. 


260 603 570 
260 063 760 


*And not broken. 


From these experiments recommends the following the 
safe limits strain per square inch: 


Maximum strain. Minimum strain. 


120 lbs. 120 Ibs. 
35310 


Cast STEEL FOR SPRINGS. 
(Material furnished Krupp.) 


Repeated Application Transverse Strains (varying between known 


limits). 
(Ser No. 1.) 
Maximum strain per Minimum strain per Number applications load 
square inch. square inch. before breaking. 
74900 197 400 
64200 468 200 
*And not broken. 
No. 2.) 
Maximum strain Minimum strain Number applications 
per square per square Difference. load before 
inch. breaking. 


*And not broken. 
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Maximum strain 


per square 
inch. 


300 lbs. 


300 
300 
*96 


*And not broken. 


Maximum strain 


per square 
inch, 


600 


600 
600 
600 
*85 600 
*85 
*85 600 


*And not broken. 


Maximum strain 


per square 
inch. 


900 


*And not broken. 


(Set No. 3.) 
Minimum strain 
Difference. 
(Ser No. 4.) 
Difference. 

700 lbs. 900 

(Ser No. 5.) 
Minimum strain 

Difference. 

31100 
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200 

156 200 

225 300 

238 900 

300 900 

600 000* 


Number 
load before 
breaking. 


700 
176 300 
619 600 

135 670 
800 000* 
000 000* 
000 000* 


efore 
ing. 


286 100 

701 800 
600 000* 
150 000* 


From these experiments Wohler made the following recommenda- 


tions the safe limits strain: 


Maximum strain. 
500 
74900 
85600 
96300 


Minimum strain. 

750 
42800 
64200 
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These experiments show that the material may broken the 
repeated application strain much less than that which would 
required produce rupture single application. The five sets 
experiments cast steel each show that the amount the strain 
which repeatedly applied decreased, the number applications 
required produce rupture increased, until strain reached 
which will not produce rupture after infinite number applica- 
tions. Sets Nos. inclusive, also show each case that the 
material may sustain given maximum strain, but that fracture may 
produced repeatedly removing portion this strain. 
evident, therefore, that this change strain, with the resulting 
fatigue produced it, sufficient cause rupture under the condi- 
tions noted. Could there any more convincing demonstration that 
was fatigue, and fatigue only, which produced the varying results 
each set? The opposition the fatigue metals the face 
these experiments would seem objection the use word 
rather than the acceptance idea. 

Referring the tabulated results the tests wrought iron, 
not apparent where Wohler derives the limit which 
for all live load one direction, e., 310 lbs. since the 
experiments, both with transverse and with torsional strains, would in- 
dicate 240 lbs. the latter limit were substituted for 
that recommended Wohler, the allowable strains would modi- 


fied follows: 
120 lbs. 120 Ibs. 


34240 

Although these results are derived from experiments with different 
kinds strain and are too brief permit the formulation any 
definite theory, there seems ample basis for general theory work, 
that the material capable doing certain amount work 
(derived possibly from the treatment, work, which receives 
manufacture), and when that amount work exceeded, the mate- 
rial becomes fatigued, and its tenacity finally destroyed. Under these 
circumstances the destructive effect live strain may considered 
bearing certain relation that dead strain, and the experi- 
ments wrought iron just cited, that effect would seem about 
the ratio for all cases, thus: 
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tin 
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TESTS. 
Maximum Minimum.)| strain. 
Maximum. Minimum. (Dead Live.) 
—17 120 Ibs. +17 120 lbs. 240 480 


The exact coincidence these results—as shown the column 
equivalent dead strain—is striking, and although they are too incom- 
plete considered the demonstration exact law, yet they 
may regarded confirming the general theory work. 

The experiments spring steel are equally interesting, and are 
the most complete and satisfactory any those made Wohler. 
They demonstrate conclusively the fatigue metals; and the fact 
that they were made upon homogeneous material makes them 
increased value since any flaw the material quickly detected 
the results and the misleading test thrown out. 


Set No. these experiments merely repetition the action 
shown the experiments wrought iron. The applied load was 
gradually diminished for each successive experiment, until one was 
reached which would not produce rupture after indefinite number 
applications. second and following sets method pro- 
cedure was adopted which removed all doubts the cause 
rupture, has been already described. 

would hardly seem necessary, view these experiments, 
further into the demonstration the fatigue metals, but 
this connection the results Bauschinger are pertinent that 
they should not overlooked. the use delicate micrometer 


ascertained that, the very beginning loading, slight per- 


manent set was noticeable. How far the element time affected the 


result difficult determine, since there appeared tendency 
the material return its former state rest for days, and some- 
times weeks, after the load was removed. The fact this slight set 
probably the true explanation the results obtained 
and has modified former ideas the perfect elasticity 
metals, that the term must abandoned new definition sought. 
Bauschinger himself proposed use the more correct expression, 
Uniform Elongation,” and many engineers have preferred the 
concise term, Yield Point,” but others still adhere the old name, 
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Limit,” trusting considerate profession give the re- 
vised interpretation. 


LAUNHARDT 


These experiments spring steel are much more systematic and 
complete than any others made, that they have been generally regarded 
presenting the most accurate information obtainable upon the sub- 
ject fatigue metals, and was the endeavor deduce 
expression which would indicate the effect this fatigue, compared 
with that permanent strain, that Launhardt outlined his formula. 

The derivation the formula* shows that, although was sought 
rational method procedure, contained empirical step 
which made the value the formula entirely dependent upon the 
agreement its results with those experiment. 

The formula, outlined Launhardt, 


Where safe working strength, 
safe strength for variable load, 
safe strength for permanent load. 


Since the value this formula depends upon the agreement with 
experiment; and since the general theory work suggested will 
depend upon similar comparison, interesting note what may 
shown this respect. 

comparing the results the formula with those experiment, 
the value was taken from set No. 500 Ibs. (500 centners), but 
the value not having been found any the experiments made 
spring steel, was assumed, and value 117 700 100 cent- 
ners) was taken which would bring the formula, the intermediate 
results sets Nos. and conformity with those the tests. 
Had any other value been taken evident that the intermediate 
results would have varied accordingly. 

The following table reduced from the translation and shows 
what extent the results the formula agree with the experiments made: 


laf Assumed Assumed 


Weyrauch, Structures Iron and Steel. Trans. Bois. 
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will noted that two instances (sets Nos. the formula 
gives results corresponding those experiment, but since any other 
value than that assumed would have given different results, the 
comparison can hardly considered confirmation the formula. 

Let the general theory work, suggested the experiments 
wrought iron, now applied these same experiments spring steel. 
has been seen already how strikingly the results agree iron—too 
precisely, perhaps, for absolute confidence, since the material 
such variable character—but the tests with steel the variable results 
which would naturally occur can followed more closely. Using 
the same ratio 2to these results, was used for wrought iron, 
the following table derived 


TESTS. 


Dead Equivalent 
Live Strain 


No. 


1.| 500 Ibs. 700 Ibs. 107 000 Ibs 


The column Equivalent Dead Strains this table shows that 
the results sets Nos. again agree, they did with the Laun- 
hardt formula, but that sets Nos. and fall below them. ex- 
amining the tests set No. will noticed that 200 lbs. was 
applied 468 200 times, before fracture, and that there was test be- 
tween 200 Ibs. and Ibs. There assurance, therefore, 
that weight exceeding 500 and perhaps nearly, quite, 
equalling 200 could not have been applied indefinitely. Had 
200 sustained the tests satisfactorily, the equivalent dead strain 
for this set would have been 128 400 and would have exactly 
agreed with sets Nos. and 

Similarly, the second test set No. 5,a maximum load 900 
lbs., and minimum 400 was applied 701 800 times before 
fracture, and experiment was made between these results and those 
minimum 750 lbs. Had something near the second test this set 
been found satisfactory, instead the third test the 
equivalent dead strain would have been modified, set No. 
more nearly equal 128 400 the other sets. 
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Although these deductions are means conclusive, they are ex- 
tremely interesting, and when the results wrought iron are also 
considered, this ratio receives much more confirmation than does the 
Launhardt formula. The clearly established, 
theory work seems also well founded, and approximate ratio 
for the relative effect live and dead strains appears 
sustained experiment. For the purpose placing the subject 
before the Society practical form, has been embodied the 
specifications given the Appendix. 

Allowable Strains.—In determining the allowable strains for pro- 
portioning parts, permissible dead strain selected, and all other 
conditions are reduced this basis. Dead and live strains are 
separately usual, and proper additions made the 
live load for effect impact. The strains which are resisted 
columns may properly provided for the column formula, the 
whole reduced equivalent dead strain and the required sections 
calculated the usual way. This method applicable all condi- 
tions and locations members the structure, and avoids special 
provisions for local parts was the common practice the old 
method dimensioning. 

allowable unit strain 000 per square inch for dead 
strain may selected corresponding the present practice 
steel, though, where desired, this may increased 000 
without modifying the general method dimensioning outlined. 
The experiments Bauschinger indicate that tensile and compressive 
strains may treated alike, except that necessary consider 
their algebraic signs and the effect flexure the outer fiber 
long compression members. 

considering the relative effects live and dead strains, has 
been shown that Wohler’s experiments indicate ratio but 
they were made without intervals rest and without impact any 
other increase live strain beyond that noted the tables. out- 
lining general specifications provision must made for extreme con- 
ditions. the elevated railways large cities, the large railway 
terminals, where the passage trains almost incessant, there 
little rest for the structure; while the vibrations all rapidly passing 
loads, together with unbalanced drivers, flat car-wheels and defective 
track, will increase the live strains very considerably addition 
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the impact due sudden application. When also remembered 
that according Bauschinger takes days, and perhaps weeks, for 
the material fully recover from applied strain, the ratio 
for dead and live strains does not seem excessive. 

Having adopted the allowable dead strain per square inch, and 
accepted the ratio 2to1 for the relative effect live and dead 
strains, yet necessary provide for the effect impact and for 
the increase compressive strains due flexure columns. The 
column formula general use for compression directly appli- 
cable the proposed method dimensioning, and may adopted 
without change, except that the numerator becomes 000 
according the allowable dead unit strain. For alternate strains, 
however, the increase compressive strain the outer fiber due 
flexure column found tirst, and then the compressive strain thus 
increased added the tensile strain, order find the total live 
strain. This increased strain due flexure may found using 
the reciprocal the column 

making provision for impact, there neither rational formula 
nor any complete system experiments upon which base specifi- 
tion, and the practice varies from making provision all 
making allowance 100% for floor system and adjacent connec- 
tions. Special allowable strains for certain members, such floor- 
beam hangers, have been provided some instances, but itis desirable 
avoid all ‘‘special general specification, and 
frame the general clause apply the elements upon which the 
special conditions are based. The ratio for the allowable 
dead and live strains may considered providing sufficiently for 
impact long-span structures not continuous use. For short 
spans 100 ft. less, additional provision seems necessary account 
the sudden application the load. meet this requirement the 
author would suggest the use the table contained the specifica- 
tions until experiment furnishes authoritative data. 


which the greatest strain allowable any fiber the column, and the reduced 
direct strain which may applied the ends the column produce the fiber strain 
flexure. If, therefore, have given, the direct strain applied the ends 


the column and desire ascertain the resulting increase strain the outer fiber, the 
formula becomes, 


Those familiar with the derivation the formula will recognize this retracing one 
Step its original formation. 
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Specifications.—The bridge specifications presented appendix 
this paper, believed, correspond the best practice the 
present time. The method dimensioning conforms more closely 
the results experiments than does the Launhardt formula, 
and the same time direct and simple its application. The 
clauses have been made rather full detail, since easy matter 
omit those which are not desired, and hoped that the discus- 
sion will complete that will enable fairly uniform general 
practice established, and that extent anticipate the work 
committee upon this subject. 

The specifications have been written from the standpoint the 
railroad company rather than from that the manufacturer, since 
the company’s interests which they are protect, and since, also, the 
railroad later maintain the structure. advisable for every 
railroad system have corps bridge engineers design and 
maintain this class work, and, when the size road does not 
justify such organization, several roads may unite its employ- 
ment. engineers would welcome the assistance 
specialist, provided that doing they did not jeopardize their own 
positions. 

The specifications provide, either for plans furnished the rail- 
road company, for plans furnished the manufacturer and 
approved the company. case all original drawings should 
become the property the railroad, and for convenience filing, 
standard size sheet should adopted. 

The extreme refinements necessary for the design continuous 
draw-bridges and the impracticability obtaining the theoretical re- 
actions assumed calculations has led, draw-bridge design, 
the use two spans, which may lifted and revolved, but which, 
service, have the direct bearings and reactions single span. 
The use continuous girders therefore restricted those cases 
where the device separate spans may impossible. 

preferable that the ties, guard-rails, the floor system 
constructed the railroad company, men are usually employed 
for purposes maintenance and the work will better and more 
economically performed them than contract, but where this 
cannot the specifications describe the work required the 
contractor. 
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discussing the paper Railway Bridge the 
author fully reviewed the subject engine loading. The typical 
engine here specified corresponds closely actual conditions. 
represents the heaviest engine and train now general use, though 
exceptional cases exist which are somewhat heavier, and ore cars are 
now service which weigh 800 lbs. per lineal foot track. The load- 
ing may varied suit different railroads, increasing, diminish- 
ing, all concentrations simultaneously the same ratio, has been 
proposed Mr. Theodore Cooper. case advisable, however, 
vary the loading more than 25% either way from that here specified. 

The allowable dead strain specified 000 lbs. per square inch, 
with the usual reduction for compression members. The column 
formula Gordon, modified Rankine, used and needs 


explanation endorsement. The impracticability obtaining 


columns with fixed ends, bridge structure, the reason for the 
adoption only one column formula. Inthe case alternate strains 
the column formula replaced its reciprocal 


ar? 


already explained, but alternate strains are avoided wherever 
possible. 


Where long unbraced compression flanges are used, the allowable 
strain reduced the Rankine formula, 


000 


but customary brace top flanges intervals about twelve 
diameters that this formula rarely used. 

shearing and bearing values rivets and pins have been re- 
duced the same basis allowable dead strain; shear being three- 
fourths unit strain for direct tension, and bearing being 
one and one-half times the same unit. the basisof 000 
modified, these values should correspondingly changed. The 
author not aware any specification which has made this 
tion between live and dead strains proportioning details, except 
those which adopt the Launhardt formula throughout. The details 
are the most important part structure, and those experienced 


Transactions Am. Soc. E., Vol. xxvi, 227. 
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maintenance testify that the live strain which causes loose 
rivets and which wears out the bridge. provide for dead and live 
strains the main members, while making such provision for the 
details, build scientific structure upon crude foundation. 

outlining the details design the endeavor has been made 
cover every material point first-class work. 

The general tendency recent practice toward the adoption 
soft steel for structural work. Drilling from the solid obsolete, 
punching almost universal, and perfect reaming only performed 
when particularly required the specifications. The injury steel 
from rough punching and the danger resulting from flaws increase 
with the hardness the steel, and for this reason the soft steel will 
doubtless continue preference. The recommendations the 
Uniform Methods Testing Materials, etc.,” have 
been generally adopted, except that milder steel than was there 
suggested here specified. Where the rivet holes are punched in. 
small, and afterwards drilled out full diameter, might advis- 
able use steel ultimate strength, 000 lbs. 000 and 
elongation 25%. such case the base for allowable dead strain could 
increased 000 lbs. per square inch. 

The subject painting matter controversy. The first es- 
sential good paint pure linseed oil; yet rarely obtained, 
and adulteration almost impossible detect. Objection has 
been made the practice giving the steel coat oil the shops, 
because the necessity having the oil thoroughly dry before the 
paint applied, but the many advantages oil for purposes in- 
spection, together with the fact that the oil usually has several weeks 
which dry before the coat paint applied, make very de- 
sirable shop coat. For the subsequent coats the author prefers 
red lead, where the structure exposed the weather, and 
carbon paint where exposed locomotive fumes. either case 
important that pure oil should used. With red lead the difficulties 
mixing and applying the paint make important that only men 
experienced this work should employed. 

Upon the matter inspection the author has little say. There 
element bridge construction more important, properly done, 
yet none likely neglected. Few appreciate the importance 
perfect mechanical work until they maintain the structures they build. 
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SPECIFICATIONS FOR STEEL RAILROAD BRIDGES. 


PROPOSALS AND DRAWINGS. 


Each bidder shall submit with his proposal complete strain sheets, 
showing loads assumed calculations and the resulting strains, and 
the sections used. The strains from each kind load shall shown 
separately, and the dead load assumed shall not less than that the 
finished structure. the same time, each bidder shall submit general 
plans the structure, and such details will show clearly the con- 
struction all members and connections. case draw bridges, all 
machinery shall similarly shown. 

All drawings furnished the railroad company, whether general 
location details construction, shall strictly followed. 

Upon the award the contract and before work commenced, 
complete set working drawings, duplicate, including strain 
sheets and general drawings previously mentioned, shall submitted 
the railroad company for approval. material ordered work 
done before the drawings are approved shall the risk the con- 
tractor. 

All drawings shall made the dull side tracing cloth, and 
uniform size ins. After the work completed, these draw- 
ings, good condition, shall become the property the railroad 


company for file. The contractor may retain such prints copies 
them may desire for record. 


GENERAL PROVISIONS. 


The structure shall wholly rolled steel and wrought iron. 
type truss shall used which the strains may readily calcu- 
lated and which subjects member alternate strains. Continuous 
girders will allowed only case upper chords carrying floors, 
and special cases draw bridges. 

Double-track, through-truss bridges, shall have only two trusses, 
and four-track bridges only three trusses, unless otherwise specified. 


the case plate girders, special provisions shall made for spread- 
ing the tracks when necessary. 
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The distance from center center double track ft. 
ins. 

All through-bridges, tangents, shall have clear opening 
shown the clearance diagram, Fig. 

The width shall proportionately increased 
for two the height and 
width shall increased required curvature 
and elevation rail. 

All bridges shall provided with steel cross- 
girders and stringers, except the case deck 
bridges, which the ties may rest the top 
chord, and increased depth carry single 
track. 

Stringers and deck-plate girders shall not 
spaced further apart, between centers, than their 


depth, with minimum limit ft. 
The wooden floor ties and guard rails will 


furnished and put the railroad company, unless otherwise 
specially provided contract. The cross-ties shall long-leafed 
yellow pine, ins. square and ft. long, spaced ins. apart the 
clear and notched in. over the stringer. cases where the stringers 
are spaced more than ft. apart, the depth the tie shall increased 
that the strain the outer fiber does not exceed 000 lbs. per 
square inch, considering the weight single driver being carried 
two ties. 

Guard rails long-leafed yellow pine, ins. shall placed 
ft. ins. the clear, from the center the track. They shall 
notched in. over the cross-ties and spliced with horizontal half and 
half joint, ins. long over tie. They shall bolted the cross-tie 
the splice, the cross-tie next adjacent the splice, and every 
fourth tie between, bolts. all other ties they shall 
fastened square spikes. Inside rail-guards shall placed 
distance ins. the clear inside the track rail, and shall 
extend back over the approach point not less than ft. from the 
back wall. 


The structure shall designed resist the strains from the 
following loads: 

The dead load shall consist the entire weight the structure, 
properly distributed the various panel points. 

The weight rails, guard rails, splices and bolts shall esti- 
mated 175 lbs. per lineal foot track; ties standard dimensions 
225 lbs. per lineal foot track, and special ties per 
foot 
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The live load shall the moving load, with impact. The moving 
load shall consist two typical consolidated engines, followed 
train, and distributed shown the diagram, Fig. 


ENGINE ENGINE TRAIN 
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There shall many trains tracks, each placed such posi- 
tion produce the maximum strains the structure. 

The impact will the increase strain any member, due 
the sudden application the moving load, and shall provided for 
according the following table, interpolation 


Where Distance feet through which the moving load must 
pass produce the given strain. 
Percentage increase moving load. 


When the bridge curve, the lateral bracing and vertical 
trusses shall proportioned resist the centrifugal force due 
many trains there are tracks, moving the same direction, the 
rate ft. per second. 

Provision shall made for the sudden starting stopping 
trains, estimating the coefficient sliding friction per cent. 

Provision shall made for wind pressure, acting either direc- 
tion horizontally lbs. per square foot the surface all 
trusses and the floor, seen elevation, considering the ties solid 
area addition train ft. high, beginning ft. ins. above 
base rail, and moving across the bridge 2d, lbs. per square 
foot exposed surface specified above, without the train. The 
wind forces shall properly distributed between the upper and 
lower chords. 

the case plate girders, only one girder need considered. 

Provision shall made for variation temperature 150° 
Fahrenheit. 


ALLOWABLE STRAINS. 


The strains from the dead and the live load shall calculated 
separately. The live strain will the total variation strain pro- 
duced the live load. The dead strain will the minimum strain 
which member subjected. 

The allowable live strain per square inch shall not exceed one-half 
that permissible for dead strain. 
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The allowable dead strain per square inch for rolled steel shall not 
exceed 000 pounds. 

For columns subject direct compression only, the allowable 
working strain 000 Ibs. per square inch shall reduced, pro- 
portion the ratio length, least radius gyration, the fol- 
lowing formula 

000 Ibs. 


Where allowable dead strain per square inch, pounds, 
least radius gyration cross section, inches. 


For columns subject alternate strains tension and compres- 
sion, the compressive strain shall increased provide for the 
increase strain due flexure proportion the ratio the 
length the least radius gyration the formula: 


P=p 
Where direct compression member, 
length and least radius gyration cross-section, 
inches. 


The total compressive strain thus found shall added the ten- 
sile strain, and the resulting strains per square inch shall not exceed 
those specified for live strains. 

case compression flanges beams and girders, the allowable 
working strains per square inch such flanges for dead strain shall 
computed the formula 

000 Ibs. 
000 
Where allowable compressive strain per square inch, 
unsupported length compressed flange, inches, 


The shearing pins, rivets, and bolts shall not exceed for dead 
strain, 500 lbs. per square inch cross-section. Where tension 
rivets unavoidable, shall not exceed one-half the limit allowed 
for direct shear. force oblique, the components direct 
tension and direct shear shall considered separately and the re- 
sults combined. 

The bearing pressure pins, rivets, and bolts shall not exceed for 
dead strain 000 per square inch (diameter thickness). 
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cases field rivets, driven hand, excess 25% shall 
allowed. 


Wind pressure, centrifugal force, and sliding friction, either sepa- 


rately combined, shall not produce greater strain per square inch 
than that allowed for dead strain. 


The pressure, pounds per lineal inch roller, shall not exceed 
500 for total load, diameter, inches). 


Bed plates masonry shall proportioned that the greatest 
pressure the masonry does not exceed 300 per square inch. 


The assumed spans for calculation shall follows 


For pin-connected trusses—distance between centers end pins. 


bearing. 


The assumed depth for calculation shall 
For pin-connected trusses—distance between centers chord pins. 
flanges (not exceed the distance out out angles). 


The whole the wind force due the train and floor, and one- 
half the truss, shall considered acting the lateral system 
the loaded chord, and that due one-half the truss only, the 
lateral system the unloaded chord. 

the case deck bridges and very heavy curves, some the 
centrifugal force may transferred the lower lateral system, 
which case the truss shall duly strengthened. The end portal 
bracing through bridges must sufficient strength transfer 
the accumulated wind strains from the upper lateral system the 
end posts, and the end sway-bracing deck bridges shall carry the 
whole theaccumulated wind and centrifugal forces from the loaded 
chord the abutment. 

Each main panel deck bridges shall provided with inter- 
mediate sway-bracing rods, sufficient section carry one-half the 
maximum increment due wind train, and centrifugal force. 
Through bridges shall provided with post brackets the inter- 
mediate panel points, sufficient strength maintain the panel 
vertical position under the specified wind pressure, or, when the 
height top chord exceeds ft. above base rail, overhead sys- 
tem sway bracing shall used. 

Tension the windward column trestle piers shall avoided 


possible, and any case approved anchor bolts well secured the 
masonry shall used. 


track stringers. 


3 
2 
| 
| 
q 
| 
A 
| 
q 
q 
q 
| 
a 


770 SEAMAN BRIDGE SPECIFICATIONS. [Papers. 


The struts shall proportioned withstand their component 
strain. reduction shall made from chord section account 
the material the lateral system. 

All parts shall designed that the strains coming upon them 
may definitely The center line resistance 
member will along its neutral axis, and connections shall 
designed avoid bending, twisting unequal tearing the 
member its details. strain shall pass centrally through 
any cluster rivets which resist it, and where angles plates are 
otherwise than connected, proper provision shall made for the 
moments and secondary strains produced. Details will designed 
give free access for inspection and painting, and water pockets 
shall avoided. every case the connection details shall 
greater strength than the member itself. 

All members which are subject direct strains, addition 
bending moments, shall proportioned that the algebraic sum 
the strains coming upon them shall not exceed the specified allow- 
able strains, properly reduced case columns. continuous 
upper chords deck bridges, carrying the floor, the strains due 
the live load shall computed from bending moment equal 
the maximum moment produced the engine span equal 
panel length considered simple beam. 

The strain the outer fiber solid shapes shall computed 
from the moment inertia the section. 

allowance shall made for the web calculating the flange 

section plate girders. 

every case least one upper flange plate plate girders shall 
extend from end end the girder, and any additional plates used 
make the flange section shall made such lengths 
allow least two rows rivets the regular pitch being placed 
each end the plate beyond the theoretical point required, and there 
shall sufficient number rivets the ends the plates trans- 
mit their value before the theoretical point the next outside plate 
reached. Where the flange plates vary thickness, they shall de- 
crease outward from the flange angles. Girders formed web plates 
and angles alone, having upper flange plate proper, will not 
allowed. The total thickness plates and angles shall not exceed five 
times the diameter the rivet used. Flanges plate girders over 
ins. width shall have least four rows rivets, and those over 
ins. width least six rows rivets. 

All flange plates, subject either tension compression, spliced 
the length the girder, shall covered with extra amount 
material equal section the material spliced, with sufficient rivets 
either side transmit the strains from the parts cut. Flange 
angles shall spliced with angle covers. 
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calculating the shearing bearing strain web rivets 
plate girders, the whole the shear acting the side the panel 
next the abutment shall considered being transferred into 
the flange angles distance equal the depth the girders. 

The webs plate girders shall spliced, wherever cut, plate 
each side the web capable transmitting the full shearing 
strain through spliced rivets. 

When the thickness the web plates less than the unsup- 
ported distance between flange angles, heavy stiffeners shall 
riveted both sides the web, with close bearing against 
the upper and lower flanges and calculated columns the 
compression flange formula for the whole shear the several 
points where they are placed. These stiffeners shall placed 
distances, center center, generally not exceeding the depth the 
full web plate, with minimum limit Web plates generally 
shall have stiffeners bearing points and points concentrated 
loading. 

Net sections shall used all cases calculating tension mem- 
bers, and deducting rivet holes they shall taken in. wider 
than nominal diameter rivet. calculating the net 
having rivets staggered, all rows shall deducted, unless ar- 
ranged that the net section along zigzag line, taking all distances 
the diagonal direction only three-fourths their value, exceeds the 
corresponding net section directly across the plate. 

Rivets shall not spaced closer than three diameters, center 
center, nor further apart, the direction the strain, than twelve 
times the thickness the external plate connected, and not 
more than thirty times that thickness right angles the line 
strain. 

Rivets shall not spaced closer the side the plates than 
diameters the center the rivet, nor further from the side than 


eight times the thickness plate. case shall the pitch 
rivets exceed ins. 


Field rivets shall reduced minimum. 

Built chords shall thoroughly spliced with rivets and additional 
section sufficent transmit the entire strain; allowance shall 
made for abutting surfaces, except heavy work. 

When necessary obtain sufficient bearing surface pin-holes, re- 
enforcing plates shall added. These plates shall have sufficient 
number rivets properly distribute the bearing strains from the 
pins the member which they are connected. 

All segments members compression, connected strapping 
only, shall have terminal cross-bracing plates each end, the 
rivets and net section which shall sufficient transfer the 
total maximum strain borne the segment, and the thickness 
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which shall not less than the distance between rivets con- 
necting them the compressed number. case, however, 
shall the length the batten plate less than the width the 
member. 

The distance between connections strapping shall such that 
the individual members composing the column, considered with 
hinged ends and length equal the distance between these 
connections, shall stronger than the column whole, and 
case shall this distance exceed eight times the least width 
these members. Where the ends the compression member are 
forked connect the pins, the strength each leg shall least 
equal the entire strength the column, and the re-enforcing 
plates shall extend not less than ins. beyond the edge the batten 
plates. 

Single lattice straps shall have thickness not less than and 
double lattice straps not less that the distance between the 
rivets connecting them the compressed member, and their widths 
shall 


For 15-in. channels 3}-in. and 4-in. angles rivets). ins. 


Single lattice bars shall generally inclined angle 60° 
the axis the member, and double lattice bars angle 
with rivet their intersection. 

All bridges over ft. long shall provided one end with 
turned friction rollers, not less than ins. diameter, between two 
planed surfaces. For spans ft. less, planed surfaces shall 
used without rollers. The nest rollers shall properly protected 
from the accumulation dust and cinders. 

Trusses shall secured against side motion bearing plates 
and rollers. The bolster blocks shall joined the truss, and the 
bearing plates shall secured the underlying supports bolts 
dowels. 

Eye-bars shall packed produce the least bending moment 
the pin, and shall not packed out line with the axis the 
member more than in. ft. 

iron less than thick shall used, except for packing 
other idle material. counter rod shall have less than ins. 
sectional area. 

The camber shall such that under maximum load the bridge 
will not deflect below horizontal position. 
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MATERIAL. 


Rolled Steel.—Rolled steel shall made the open-hearth pro- 
cess, and shall contain not more than phosphorus, .04% sulphur, 
nor .45% manganese. shall finished straight and smooth, 
and shall perfect product; the slightest flaw will sufficient 
cause for rejection any time during the progress the work. 

The tensile strength, yield point, and ductility the material shall 


determined from standard test piece not more than ins. 


width, nor less than sq. in. sectional area, cut from full-sized 
bar, and with sides turned planed parallel, give uniform 
minimum section for length least ins. 

Whenever practicable, the two sides the test piece shall left 
they come from the rolls, but the finish opposite sides shall 
alike this respect. 

determining the ductility, the elongation shall measured 
after breaking, original length ins., which length shall 
occur the curve reduction each side the point fracture. 

The yield point shall that strain beyond which the elongation 
ceases proportional the weight imposed, and may indicated 
maximum strain sustained the test piece. The speed testing 
shall governed the inspector. 

All rolled steel, except rivet steel, shall show the standard test 
piece maximum strain per square inch 000 lbs. 000 
with elongation 26% 8ins. Rivet steel, when tested speci- 
mens full size rivet rod, shall show ultimate strain per square 
inch not exceeding 000 with elongation 30% ins. 

Each melt finished material shall receive two tension tests—one 
cut from each extreme variation thickness metal rolled. 
When both tests comply with the specifications, all intermediate 
thicknesses will accepted; otherwise only such thicknesses metal 
will accepted show satisfactory tests. 

Each finished piece steel shall marked with the melt number. 

Wrought Iron.—All wrought iron shall tough, ductile, fibrous 
and uniform quality. shall thoroughly welded rolling, and 
finished straight and smooth. shall free from flaws, blisters, 
cinder-spots, cracks, and imperfect edges. Scrap steel shall not 
used its manufacture. 


The methods specified for testing rolled steel shall apply generally 
wrought iron. 

All iron shall show the standard test piece maximum strength 
not less than 000 per square inch and elongation per 
cent. 

The yield point, shown the standard test piece, shall 
case less than 000 Ibs. per square inch. 
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when cut into testing strips ins. width and with 
corners rounded in. radius, must capable resisting, without 
signs fracture, bending cold 90° with the inner radius not exceed 
three times the thickness the test piece. 

All iron which bent manufacture shall, addition 
the above requirements, capable bending sharply right angle 
working heat without any signs fracture. 

Cast Iron.—All cast iron shall tough and sound, free from blow- 
holes, cold-shuts other injurious imperfections. When broken the 
fracture shall indicate good quality gray iron. 

Sample test specimens, ins. long, 2ins. in. cross-section, 
cast under the same circumstances those which attend the casting 
the full-sized piece, shall sustain the center, when resting flatwise 
upon two dull knife edges, spaced ins. apart, load 
the load sustained two minutes, and show not less 
than in. before fracture. 


All workmanship shall first class. All parts exposed view 
shall neatly finished. All nuts shall hexagonal. 

punching, the diameter the punch shall not exceed more 
than in. the diameter the rivet used, and the diameter 
the die shall small may required clean hole. 

The holes shall carefully spaced and punched that, upon as- 
sembling, variation from truly opposite position more than 
in. will occur. All holes shall reamed exact match before the 
rivet driven. 

Rivets when driven, shall completely fill the holes and shall 
machine driven whenever possible. They shall have full, concentric, 
hemispherical heads depth shank not less 
than one-half the diameter rivet, and with full bearing the 
plates; they shall countersunk when required. Rivet heads 
shall not flattened less than half the diameter the rivet. 

Generally the use bolts instead rivets will not permitted, 
but when used special cases the holes shall reamed parallel and 
the bolts turned driving fit. 

Where the work field riveted, the parts shall assembled 
before leaving the shops, and the holes reamed match. the case 
splices upper chords, other compression members, they shall 
brought forcible contact the use turnbuckles, and after 
reaming shall have match marks put the pieces that they may 
brought proper position the field, before riveting. 

Finished members shall true and free from kinks, twists and 
open joints. 
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Rods and bars which are receive shall properly upset 

before the thread cut. Where threads are cut steel, they shall 
properly filleted. 

All members requiring adjustment shall provided with sleeve 
nuts and check nuts. Open turnbuckles will not allowed. The 
ends connected shall distinctly punch-marked, distance 
ins. from the screw ends, that these ends may accurately located 
inside the nut. 

Heads eye-bars shall sufficient section break the bar 
every case. shall full size the neck; patching will 
allowed. 

Welds the body the bars rods will not allowed. 

Pins shall turned, perfectly finished, and straight. 

All members having bearing pins shall carefully bored 
right angles the axis, unless otherwise shown the drawings. 
variation will allowed between diameter pin and pin hole 
more than in. For pin holes, pieces which are not adjustable 
for lengths, variation more than in. length between centers 
pin holes will allowed. 

Eye-bars shall perfectly straight before boring the holes shall 
the center the heads and the center line the bar. Bars 
which belong the same member shall bored the same temper- 
ature and one operation. They shall marked for erection, 
that they may used the same member. 

When bolts are used instead pins, variation in. will 
allowed between diameter bolt and hole. 

All abutting surfaces, except flanges plate girders, shall 
neatly planed turned perpendicular the direction the strain, 
insure even bearings. 

Stiffeners plate girders shall milled fit tightly against the 
flange angles, and shall packed straight. The packing shall fit 
close the flange angles, leaving open space. 

Rollers shall turned and roller beds and bed plates planed; 
the bottom shoes shall planed exactly parallel the center line 
pin, unless otherwise shown the drawings. 

Thickening washers shall used whenever required pack the 
pin joints tight. 

Pilot nuts shall furnished for each size pin preserve the 
thread the pin, and facilitate erection. 


All iron shall scraped free from scale, and receive one coat 
pure kettle-boiled linseed oil before leaving the shops, and one coat 


approved paint after erection. All surfaces which come contact, 
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are enclosed, shall receive one coat approved paint before being 
assembled. 

All turned faced surfaces shall receive coat white lead and 
tallow before leaving the shops. 


INSPECTION. 


Free access and information shall given the contractor for 
thorough inspection material and workmanship. 

The inspector will make detailed reports his inspection the 
engineer and may notify the contractor any defects material 
and workmanship, but all acceptances made him shall consid- 
ered temporary, and his inspection shall way relieve the con- 
tractor full responsibility for the character and accuracy the 
work until its completion and final acceptance the engineer. 

The contractor shall furnish without extra charge such standard 
test pieces may necessary determine the uniform quality 
the material, and also the use reliable testing machine with neces- 
sary labor for testing. 

Full-sized members may tested destruction the engineer. 
They will paid for cost, less their scrap value, they fulfill the 
requirements, but when the requirements are not complied with, the 
tests shall the expense the contractor. Such rejections 
the finished material may consider warranted the results 
these tests will made the engineer. 
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MEMOIRS DECEASED MEMBERS. 


Memoirs will hereafter reproduced the Volumes Transactions. 
mation which will amplify the records here 
forwarded the Secretary prior the final 


Any infor- 
rinted, correct any errors, should 
lication. 


BURR KELLOGG FIELD, Am. E.* 


1898. 


Burr Kellogg Field was born Auburn, Ind., the 5th day 
May, 1856. Soon after his birth his parents moved Malden-on-the 
Hudson, New York State. prepared for college the St. 
John’s Military School Sing Sing, Y., and entered the Sheffield 
Scientific School Yale University the fall 1874, graduating 
with the Class 1877. His college career was not marked with any 
extraordinary incidents except his great popularity among his asso- 
ciates. Owing his exceedingly affable, pleasant and generous ways 
was christened his associates ‘‘The Cherub,” which name 
was known among his intimates until the last day his life. Mr. 
Field’s parents were wealthy, and was denied nothing during his 
college course which would add his happiness contentment 
any way assist him the prosecution his studies. Ten days 
before commencement his father failed business, and Mr. Field 
graduated from college worse than penniless condition, being 
obliged borrow money from his associates pay his ordinary 
student’s bills and about New Haven. 

Burr Field commenced his engineering career after graduating 
from the course civil engineering Yale University water boy 
section gang the Baltimore and Ohio Railroad the salary 
per week. Every engineer knows the struggle for existence 
the young engineering graduates during the period 1877, 1878 and 
1879, and Mr. Field’s case was different, except that 
forced him provide for the support his aged father and mother 
and younger brother and sister out his scant earnings. 

July, 1878, entered the service the St. Louis and San 
Francisco Railroad, the department tracks, bridges and build- 
ings, where remained until September 10th when entered the 
employ the Denver and Rio Grande Railroad rodman the 
New Mexico and Colorado Division. After leaving the Denver and 
Rio Grande Railroad was engaged rodman the construction 
the Omaha extension the Old North Missouri Railroad until 
August, 1879, when was appointed rodman the Wichita 
extension the St. Louis and San Francisco Railroad, which place 


Memoir prepared Charles Jarvis, Am. Soc. 
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remained until the spring 1880, occupying successively the 
positions rodman, leveler and topographer. 

the spring 1880 Hinckley, Am. Soc. E., was de- 
tailed the St. Louis and San Francisco Railway Company 
make surveys from what now Monett, Mo., Van Buren, Ark., and 
Mr. Field was engaged him topographer. remained with 
Mr. Hinckley until the completion the preliminary surveys. Much 
the country traversed was wild and broken the extreme, and 
little nothing was known about previous these surveys. Mr. 
Field continued topographer location, under Man, Am. 
Soc. E., assistant engineer, and later under Mr. 
Randall, locating engineer. The work covered the territory between 
Fayetteville, Ark., and Van Buren, Ark., the line crossing the Boston 
Mountains, near where the present station Winslow now located. 
Later Mr. Field was placed engineer charge masonry, trestles 
and bridging the line between Winslow and Van Buren. 
masonry and bridging this portion the line important 
character, the streams crossed being rapid torrents, and the founda- 
tions being difficult sink. Under his direction there were con- 
structed three iron trestles ranging from 400 700 ft. length and 
from 100 120 ft. height, besides some twenty spans Howe truss 
bridges resting masonry piers. Upon the completion this work 
the summer 1881, Mr. Field joined one the surveying parties 
under the charge Van Sant, Am. Soc. E., complete 
the location between Van Buren and Fort Smith, and make prelimi- 
nary surveys through the country from Fort Smith Paris, Tex. 
remained this position until February, 1882, when was 
appointed Assistant Engineer the Northern Pacific Railroad. 

James Dun, Am. Soc. E., now chief engineer the Atchison, 
Topeka and Santa Railroad, who was this time chief engineer 
the St. Louis and San Francisco Railroad, speaks Mr. Field the 
following terms: 

recollections Mr. Field are the most favorable nature, 
and shall always retain the highest impressions his character, 
professionally and personally. During the time was engaged upon 
the St. Louis and San Francisco Railroad was associated with men 
more than ordinarily and who have since all won honorable 
place the profession which they adopted; and among them all 
know one who promised attain more than he. was uni- 
versally liked his associates and all who came contact with 
him, and his untimely taking off was deeply regretted all his 
earlier friends and associates the 

From February, 1882, November, 1883, Mr. Field was Assistant 
Engineer the Northern Pacific Railroad, part the time charge 
the construction the Yellowstone Division, and later charge 
the tracks and bridges the construction the miles the 
Branch, connecting the Yellowstone Park with the 


Northern Pacific. 
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January 17th, 1884, was appointed Mr. John Esta- 
brook, then Chief Highway Commissioner the City Philadelphia, 
the important position Superintendent Bridges the High- 
way Department the City Philadelphia, ‘‘which position 
filled thorough and conscientious manner, ever looking out for the 
public welfare regardless party pressure selfish ends.” 

Two years later 1886 Mr. Field accepted appointment 
Assistant Engineer the Berlin Iron Bridge Company, East Berlin, 
Conn. His advancement with this company was very rapid, and the 
time his death occupied the important position Vice-Presi- 
dent, having full charge the making all contracts. During Mr. 
Field’s connection with this company its business was much extended, 
and its product introduced into all parts the world. achiev- 
ing this Mr. Field had small part, and his death has been severe 
loss, not only the company, but also his associates. 

Mr. Field was indefatigable worker, not only for the corpora- 
tions which faithfully served, but every walk life. 
was friend his fellow-men, devoted and earnest worker the 
church, staunch friend the cause temperance, and active and 
energetic every public position that engaged his attention. 
quote from the words friend: 

vacant place—yes, not one but many vacant places 
our midst, and his absence from these know and feel our great 
loss. There are vacant posts duty which were always well filled. 
How many and varied they were! posts great business respon- 
sibility; influence Church work; prominence the efforts for 
good citizenship. The earnest and conscientious life which occupied 
these places has been taken from us, and feel our loss. But not 
only the large and more important positions know that loss 
has come, but such was the largeness his life and efforts that within 
the small places there vacancy; there are vacant places those 
higher realms life’s experience—friendship has lost true friend; 


earnest and conscientious service the Church has lost bright ex- 


ample; Christianity has lost good Christian. Think what good 
and bright stood for that. Think what true and earnest—he 
stood for that. Think what unselfish and stood for 
that. Think what tender and sympathetic—he exemplified that. 
From whatever standpoint view his life, business man, 
citizen, member the Church, friend, the head family, 
behold one who stood for what was best and true all these. say 
such Burr Field not speak flattery extravagant eulogy, 
but only speak the sober truth.” 


the flush manhood was taken away without instant’s 
warning. 

While engaged with the St. Louis and San Francisco Railroad, 
became acquainted with Miss Juanite Bourland, the daughter 
Doctor Bourland, Van Buren, Ark., whom was wedded the 
oth day May, 1886, and who, with two children, survives him. 

Mr. Field was elected Member the American Society Civil 
Engineers October Ist, 1884. 
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MIRTILIANO SICARD, Am. Soc. E.* 


1896. 

Mirtiliano Sicard was born Colombia, July 2d, 1840. 
was the son Pedro Ponz, Frenchman, and Maria Joséfa 
Pérez Bonalde, Venezuelan. 

studied literature and philosophy the Jesuits’ College 
until 1854, and then attended the Military School the same 
city, where studied engineering. 

1860, with the co-operation his brothers, founded college 
Lérida, which college was afterward successfully transferred them 
Ibagué. 

order devote his time commercial affairs, some time 
later severed his connection with the college. Soon afterward mar- 
ried Enriqueta Urdaneta. 

His career engineer began that time, since, consequence 
various contracts with the government, brought from the United 
States iron bridges various types and erected them over the rivers 
Combeima, China, Fotare, Coello, works which honor the govern- 
ment which defrayea the cost. These works are the first rank, and 
are credit the engineer who erected them. The bridge erected 


Sicard over the Coello the pass Chicoral” ranks with the 


best found inthe Department. This has been acknowledged com- 
petent persons, and especially Joaquin Esguerra his geographical 
dictionary, which special mention made the bridges erected 
Mr. Sicard. 

Mr. Sicard was intimately connected with the improvements which 
were undertaken the Department under various governments, and 
many the public works were carried out under his management. 

Returning from recent trip the United States, brought back 
Colombia the machinery for mineral assaying office, which was 
established Ibagué. Soon after, had two iron boats constructed 
the same country, which were intended for the rivers and 
Magdalena. also had several bridges constructed. 

all times Mr. Sicard was useful member society. was 
constantly employed, and the offices Secretary the Treasury, 
Rector and Trustee the Colegio San Simon Ibagué and Secre- 
tary Public Instruction the Department the Folima were suc- 
cessively filled him. this last employment was overtaken 
death, Girardot, the 17th March, 1896, time when, 
order the Government, was starting the inspection the work 
the Railway the 

Mr. Sicard was elected Member the American Society Civil 
Engineers January 2d, 1882. 

Memoir prepared Julio Sicard, Esq. 
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HENRY CLAY YEATMAN, Jun. Am. E.* 
20TH, 1896. 


Henry Clay Yeatman, the eldest son Colonel Henry Clay and 
Mary Brown Yeatman, was born the City Nashville, Tenn., March 
2d, 1866. both sides (mother and father) came from that old 
original sturdy stock that made Tennessee famous war and renowned 
the councils the Nation, and whose word was their bond. Col- 
onel Yeatman was the staff General Leonidas Polk (the Fighting 
Bishop) during the late rebellion and still living Maury County, 
Tenn. Mrs. Yeatman (Mary Brown Polk) was daughter General 
Lucius Junius Polk, one the first settlers Maury County, Tenn., 
and she was also great-niece President James Knox Polk. 

Henry Clay Yeatman, Jr., passed his early childhood his home 
Maury County, Tenn., and attended the country schools the 
neighborhood until was fourteen years old. Hethen went school 
Winchester, Tenn., for one year and for time attended the Uni- 
versity Tennessee Knoxville. 

Leaving the University Tennessee went Texas, and from 
April, 1883, until the following September was Rodman the Gal- 
veston, Harrisburgh and San Antonio Railway the location sev- 
eral branches. then attended Lehigh University, Pennsylvania, 
until January, 1886, and, returning Texas, secured position 
Levelman the Mexican International Railway Mexico, and held 
this position until May, 1886. From May, 1886, until January, 1888, 
was Assistant Engineer charge bridging and track-laying 
the same road. 

From 1888 1889 was Civil Engineer charge the Sabinas 
coal mines Mexico. From May, 1889, until August the same 
year was Engineer charge location and construction irrigat- 
ing works for the Eagle Pass (Texas) Irrigation and Water-Works 
Company. From August, 1889, June, 1892, was Assistant Engi- 
neer the location the Mexican Pacific Railway the States 
Tabasco and Chiapas, Mexico. 

His health failing this time, the low, hot States Tabasco 
and Chiapas, returned for time the United States. 1893 
went work again location the Mexican International Railway, 
remaining until the fall 1894, when went Guatemala, working 
for the contractors new railway project. 

While Guatemala was directed inspect certain contracts 
for piling, some miles down the coast. set out open 
boat with one companion, expecting keep close the shore, but 


Memoir prepared Samuel Killebrew, Am. Soc. 
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gale striking the frail craft, carried far from land, capsizing and 


sinking it. Catching yawl that was the boat they passed 
four days and nights drenching rain, all the while bailing the 
out the yawl, and were without food drink until they were 
rescued passing Norwegian bark, which landed them Pensacola, 
Fla., eight days later. This trip nearly cost Mr. Yeatman his life, 
but being strong frame and robust constitution soon rallied 
and returned work location the Mexican International Rail- 
way, and there continued until September, 1896. 

was absolutely fearless, never hesitating any emergency, re- 
gardless the danger, but the other hand, seemed all times 
court danger. was generous fault, dividing his last cent 
with friend foe. 

always took great interest that were under him and never 
grew tired trying advance them every way possible. was 
happiest when crowded full capacity with work and was most 
agreeable assistant. spent the last few years his life Browns- 
ville, Tenn., where made host friends who mourned his sudden 
and unexpected death. 

died from hemorrhage the lungs, December 20th, 1896, 
the Peabody Hotel, Memphis, Tenn., where had gone spend 
few days. 

Mr. Yeatman was elected Junior the American Society Civil 
Engineers May 7th, 1890. 
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MINUTES MEETINGS. 


THE SOCIETY. 


November 2d, 1898.—The was called order 20.40 
Vice-President Edward North the chair; Charles Warren 
Hunt, Secretary, and present, also, members and guests. 


The minutes the meetings October 5th and 19th were approved 
printed Proceedings for October, 1898. 


The informal discussion Road Building was continued. The 
Secretary presented correspondence that subject from Messrs. 
Cudworth and McCann, and was discussed orally 


Seaman, Edward North, George Hill, Thompson, and 
James Owen. 
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Ballots were canvassed and the following candidates declared 
elected: 
MEMBERS. 


Hoop, New York City. 
Jackson, Madison, Wis. 
Jr., Pencoyd, Pa. 

ALFRED CLARENCE Spartanburg, 
JAMES ALEXANDER St. Louis, Mo. 


MEMBERS. 


GRANT Barnes, Sault Ste. Marie, Mich. 
GEORGE Carlisle, Eng. 

ATHOLE MacGrecor, New York City. 

GEORGE Butte, Mont. 


The Secretary announced the election the Board Direction, 
November 1898, the following candidates: 
ASSOCIATE. 


JUNIORS. 


JAMES ALEXANDER Allegheny, Pa. 
ALEXANDER Pittsburg, Pa. 


The Secretary announced the death WELLMAN, 
elected Member, October 5th, 1870; died August 18th, 1898. 


The Secretary announced that the Board Direction had decided 
that the next Annual Convention would held the Stockton Hotel, 
Cape May, J., June 27th June 30th, 1899. 


Adjourned. 
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November 16th, 1898.—The meeting was called order 20.35 
o’clock, President Alphonse Fteley the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 


paper Henry Seaman, Am. Soc. E., entitled, The 
Launhardt Formula, and Bridge Specifications,” was presented the 
author. The Secretary read correspondence the subject from 
Messrs. Joseph Wilson, Charles Wright, Turneaure, 
Worcester, Mace Moulton, Schaub, Johnson and 
Kennard Thomson. 

The paper was discussed orally Messrs. Breithaupt, 
Schneider, Mansfield Merriman and George Morison. 


Adjourned. 


THE BOARD DIRECTION. 


November 1898.—Vice-President Edward North the 
chair; Chas. Warren Hunt, Secretary, and present, also, Messrs. Deyo, 
Hering, Morse, Schneider, See and Thomson. 

report was received from the Finance Committee giving detail 
the expenditure date account the New Society House, with 
statement the sources from which this cost had been paid 

This report was ordered printed Proceedings (see page 182). 

was decided that the next Annual Convention should held 
the Stockton Hotel, Cape May, J., June 27th June 30th, 1899. 

The appointment Messrs. Charles Gowen, George Evans 
aud Shankland Committee Recommend the Award 
Prizes, was announced. 


Applications were considered and other routine business transacted. 


Adjourned. 
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NEW SOCIETY HOUSE: 
REPORT COMMITTEE NEW SOCIETY HOUSE. 
(Printed order the Board Direction.) 


New October 4th, 1898. 
the Board Direction the 

The Committee New Society House respectfully presents the 
following report 

Your Committee originally appointed, January 15th, 1896, con- 
sisted five members the Board, and three additional members 
were appointed February 4th, 1896. One the original appointees, 
Mr. George Morison, resigned member the Committee, and 
the Committee consisted seven until January 20th, 1897, when Mr. 
Clarke was made permanent member. 

meeting the Board January 15th, 1896, the duties the 
Committee were defined follows 

The choice architect, subject the approval the Board 

Direction. 

The submitting and recommending plans for the building, 

subject the approval the Board. 

Preparing and recommending the execution contracts for the 

work, subject the approval the Board. 
The approval certificates payment issued the architect. 
The general supervision the work. 
Reporting the Board the satisfactory completion the work 
and recommending its acceptance. 


Your Committee acting under these powers has completed its 
work, except the last duty mentioned, and now respectfully reports 
that the new house has been satisfactorily completed that certificates 
for the final payment full Chas. Wills, Builder, have been 
approved, and that final payment Eidlitz, Architect, has 
also been approved. 

Accompanying this report statement all bills which have 
been approved this Committee for payment. 

Your Committee recommends the acceptance the New House, 
and, its work being finished, requests discharged. 

Respectfully submitted. 


CHARLES SooysMITH, 


Browne. 
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4TH, 1898. 
Herbert Stewart. 
Charles Wills. 
Contract for general 775.00 
Additional Contracts: 
Archer Pancoast Co. 
Elektron Manufacturing Co. 
James Stout. 
Snead Iron Works Co. 
Hayden Furniture Co. 
Conover Fireplace Co. 
Construction: 
Herbert Stewart. 
Charles Wills. 
Additional Contracts: 
Waterproofing engine and boiler room..... 
Substituting wood pedestals for 
Nineteen electric light outlets book cases. 63.80 
Additional switch switchboard........... 
Channel iron supports, motor, third story 
Electric wiring, remov fan, fan 62.70 
Extending five coat racks coat room..... 
Enclosure for sink and toilet room.......... 51.70 
Two flush saddles, second story hall, per 
estimate August 25th............. 22.00 


Bills extra work: 
Levering $125.96 
New York Electric Equipment Co.. 7.60 
Traitel Bros. Co..... 
McGratty Son. 


Bayliss Co., Gas pump and electric work.. 
Staats, 


Manufacturing Co., book 
ift 


876.40 
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(including Book Stacks, Gas and Electric Fixtures, 
etc.): 
Archer, Pancoast Co., Gas and electric 
Snead Iron Works, Iron book stacks......... 345.00 
Cobb, Jr., Cabinet, chairs, copying press, 
Altman Co., Shades, curtains, portieres, covers and 

Conover Fireplace Co., Andirons 
Acme Telephone Co., House 126.00 
Joel Co., Flag, pole, bracket, 
Cheseboro, Whitman Co., Ladder...... 25.00 
New York Book Slate Co., 15.00 

14,554 

$118 


REPORT FINANCE COMMITTEE. 


the Board Direction the 


The Finance Committee begs present the following report: 

The final bills for the construction and furnishing the Society 
House having been paid, the Committee submits the following sum- 
mary the total cost, and the sources from which this amount was 
paid. 

All bills relating the construction, decoration and furnishing 
the House were approved the Finance Committee after approval 
the Committee New Society House. The total cost has been fol- 
lows: 

Architect’s 


131.43 
Construction—Excavation contract.......... 
Builder’s 
Extra 212.76 
876.40 
Insurance and taxes (during construction) .............. 697.15 
Furniture (including book-stacks, gas and electrical fix- 
Incidental expenses—Printing, etc 405 .86 


$206 


> 
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NEW SOCIETY HOUSE. 183 
The from which the necessary funds were derived are fol- 
lows: 


Sale, house and lot, 127 East 
Twenty-third Street.... $60 000 


Less mortgage... $11 500 
Commission...... 600 
109 
$17 900.00 
Sale, securities, par value 111.99 
Net proceeds, Historical Sketch”. 353.06 
Subscriptions from members........ 
$89 608 .05 
Borrowed from Mutual Life Insurance Company 


$206 284 .63 


While not directly chargeable the construction the New House 
there were necessary expenses for the House Warming. and 
for moving from the Twenty-third Street House, $391.15, making total 
801.75, which, added the amount paid from the General Funds 
the Society, makes the total expense which has been met from that 
source $33 478.33 date for the purposes the New Society House. 


Respectfully submitted. 


Horace 
Jas. 
Committee. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society will open every day hereafter from 
o’clock, except Sundays, when the hours will from 
o’clock. 


PROPOSED SPECIAL COMMITTEE RAIL JOINTS. 


The attention the Corporate Membership called the follow- 
ing: The Constitution states that majority total vote not less 
than one-third the Corporate Membership the Society shall 
necessary authorize the appointment Special Committee. 
the present time only 364 votes the appointment the proposed 
Special Committee Rail Joints have been received. One-third 
the Corporate Membership 560; consequently least 196 additional 
votes will have sent before the ballots can canvassed anda 
decision reached. 

The necessary blanks and envelopes were sent the Corporate 
Members September 10th, 1898; these have been lost mislaid 
others may obtained applying the Secretary. 


INFORMAL DISCUSSIONS. 


The occasional introduction informal discussions 
engineering interest meetings the Society was started the meet- 
ing September 21st, 1898, the subject being 

much interest was manifested that resolution the meeting 
the discussion was printed the October number Proceedings, and 
the evening November 2d, 1898, was set down continuance 
this discussion. Part the correspondence the subject will 
found page 826 this number Proceedings. All the matter 
collected, together with any communications received December 
1oth, 1898, will subsequently published Transactions. 

The next subject for informal discussion will Building 
and the evening December 21st, 1898, has been set down for this 
discussion. Communications are solicited from all who are interested 
inthe laws governing the engineering features buildings with 
view pointing out detail the advantages and defects existing 
laws. 
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ANNOUNCEMENTS. 


MEETINGS. 


Wednesday, December 7th, 1898, 20.30 o’clock, aregular meet- 
ing will held, which paper Turneaure, Assoc. Am. 
Soc. E., entitled ‘‘Some Experiments Bridges under Moving 


Train-Loads,” will presented. printed this number 
Proceedings. 


Wednesday, December 1898, 20.30 o’clock, meet- 
ing will held. The subject for the evening will Building 
Laws,” which there will informal discussion. Written com- 
munications are solicited from members unable present. 


DISCUSSIONS. 


Discussion the paper Henry Seaman, Am. Soc. E., 
entitled Launhardt Formula, and Railroad Bridge Specifica- 
tions,” which was presented the meeting November 16th, 1898, 
will closed January 1899. 
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LIST MEMBERS. 
ADDITIONS. 
185 Euclid Ave., Cleve- 
Box 765, Leadville, Colo.. Oct. 1898 
Ann Arbor, Mich. Oct. 1898 
CARL 530 California St., Room 
18, San Francisco, Cal.. Oct. 1898 
St. Louis Ry. Co., 
way, New Nov. 1898 
York City... 
coyd, Pa.... 
Monterey, Mex......... Oct. 1898 
ers, Borough 
the Bronx, 2798 Mar, 31, 1891 
HENRY....... City Civil Engineer, South 
GEORGE Chambly Canton, Quebec, 
SAMUEL THOMAS......... Prest. the Wellman- 
Seaver Eng. Co., New 
England 
1323 and 1324 Monadnock 


Block, Chicago, Oct. 1898 
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ASSOCIATE MEMBERS. 


Date 
LEFFINGWELL, Frank ....... Dept. Public Bldgs., 346 


Broadway, New York 


Canals, Utica, Y..... Nov. 1898 


Works, Holyoke, Mass.. Oct. 1898 


ASSOCIATE. 


BERTHELET, JOSEPH Plankinton Bldg., Room 
No. Milwaukee, Wis.. Nov. 1898 


JUNIORS. 
Drxon, Milwaukee St., Mil- 
JAMES ALEXANDER......... Asst. W., East- 


ern Div., Penna, Lines 
west Pittsburg, Alle- 


ALEXANDER Pittsburg Bridge 
Co., Pittsburg, Pa...... Nov. 1898 

James Coutic Crevasse, 
Pilot Town, Oct. 1898 

Watson, Franklin St., Buffalo, 


CHANGES AND CORRECTIONS. 


MEMBERS. 

BLACKWELL, CHARLES..... ... Wheeling Lake Erie R., Toledo, Ohio. 

CALVIN So. Phelps St., Youngstown, 

Coz, Norfolk Western Ry. Co., Roan- 
oke, Va. 


Auditor, Burlington Lines, St. Jo- 
seph, Mo. 


7 
| 
¥ 
| 
4 
| 
| 
4 
7 


188 LIST AND CORRECTIONS. 


CUNNINGHAM, ANDREW CHASE....... Civil Eng., N., Bureau Yards and 
Docks, Navy Dept., Washington, 

Albuquerque, New Mexico. 

GAMBLE, Land Works Dept., Victoria, C., 

GEMMELL, CAMPBELL ...... 223 Second East St., Salt Lake City, Utah. 

Little Rock, Ark. 

Ives, Col., V., Camp Meade, Pa. 

Sewers, 265 Broadway, New York City. 

Res. Eng., Choctaw Memphis R., 
Houston, Perry Co., Ark. 

Mosman, Asst., Coast Geodetic Survey, San 


Pedro, Cal. 
ARCHIBALD Baltimore Ave., Philadelphia, Pa. 


Paterson, 

Curtis ...... Capt., Corps Engrs., A., Rock Is- 
land, 


Bldg., New York City. 


ASSOCIATE MEMBERS. 


Barnes, THOMAS...... 560, Concord, Mass. 

GREENE, Maxson......... So. Clinton St., East Orange, 

CHARLES ..... Pemberton O., Raleigh Co., Va. 
ASSOCIATE. 

RansoME, ERNEST Care Pacific Coast Borax Co., 185 Water 


St., New York City. 


JUNIORS. 
JAMES GEORGE......... University Ave., Minneapolis, Minn. 
GREEN, Fifth Ave., New York City. 
2804 West Ave., Newport News, Va. 
600, Grand Central Station, New York 
City. 
Harry Civil Eng., N., Walnut Troy, 
FELLOW. 
ALFRED WATTS 314 New York City. 
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SOME EXPERIMENTS BRIDGES UNDER MOV- 
ING TRAIN-LOADS. 


PRESENTED DECEMBER 1898. 


INTRODUCTORY. 


All specifications for railroad bridges recognize some way the 
principle that more liberal provision should made for the stresses 
due moving loads than for those due fixed loads. some specifi- 
cations the method treatment appears based entirely upon the 
theory the fatigue metals, and the intensity stress determined 


fatigue not considered, but the live load stresses are increased 
certain percentage and then treated dead load stresses, 
thus assuming that the only difference between the effects live and 


dead loads arises from the fact that the actual stresses produced 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and 


mail the Secretary. The papers with discussion full will published the 
voiumes Transactions. 
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TURNEAURE MOVING TRAIN-LOAD EXPERIMENTS. [Papers. 


moving loads are greater than those produced the same loads when 
stationary. Still other specifications take account both fatigue and 
impact. 

While engineers are agreed that some must made 
for live loads, yet there exists the widest difference opinion how 
much this allowance should and how should distributed among 
the different members the bridge. certainly logical that both 
fatigue and impact exist, both should provided for, although, per- 
haps, single formula; but before such formula can determined 
the two effects must considered separately. Considerable agreement 
has been reached the matter fatigue formulas, but, owing the 
lack reliable data, impact formulas are, the present time, largely 
matter guess work. 

the hope contributing something the solution this prob- 
lem, the author, during the summer 1897, carried out series ex- 
periments several bridges widely varying span and design; and 
the purpose this paper present the results these tests, to- 
gether with description the apparatus used, and discussion the 
points involved. 

APPARATUS. 


The instruments used were three number and two kinds, viz., 
one instrument for measuring the deflection the structure whole, 
and two instruments for measuring extensions and compressions in- 
dividual members. 

The Deflectometer.—The instrument used for measuring deflections 
was Fraenkel deflectometer,* the design the late Professor Fraenkel 
Dresden, Germany. Plate photograph this instru- 
ment showing attached would actual use plate girder. 
this type instrument the main part the apparatus fastened 
the bridge, and connection made means wire, heavy 
weight placed the ground directly underneath. This wire made 
fast, through interposed steel ribbon, the thick 
disk, wheel, mounted the framework, which disk cast one 
part with another twice its diameter and having the same axis. 

the larger disk fastened second steel ribbon attached its other 
end the circumference spirally shaped, hollow wheel containing 


*Cuts slightly different form this instrument are shown Der Civili nge- 
nieur, 1884, Plate Engineering News, February 8th, 1894, 115. 
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TURNEAURE MOVING TRAIN-LOAD EXPERIMENTS. 


clock spring. means crank the spring may wound 
produce the steel ribbon tension sufficient hold the vertical 


wire taut, while the same time allowing free movement the wire 


relative the frame the instrument. The recording pencil 


attached the short steel ribbon previously mentioned, and has, there- 
fore, motion relative the frame the apparatus twice great the 
motion the bridge. spindle provided for holding paper; 
another one upon which the paper wound, and drum over which 
the paper passes, and along which the pencil moves the bridge 
moves and down. paper moved electrically controlled 
clockwork placed inside the drum. The governor the clockwork 
was regulated make the rate motion the paper about in. 
per second. The apparatus very compact, and can fastened 
means heavy, pointed screws any horizontally projecting plate, 
flange bridge post. second pencil was put this instru- 
ment for the purpose recording electrically the passage the wheels 
the trains, but the operating magnets did not work satisfactorily, and 
the desired information was obtained mainly from similar pencils 
attached the other 

The Extensometers.—The instruments used for measuring strains 
the members were also form invented Professor Fraenkel, but 
greatly improved Oscar Leuner, Dresden, the maker all the 
Fraenkel 

Plate XLIX photograph the recording part one the instru- 
ments used. this form extensometer the longitudinal distortion 
certain length member multiplied about 140 times means 
lever, the motion being communicated pencil which 
though this instrument was designed some seventeen years ago, yet 
illustrated Annales des Ponts aussées 1896, Vol. xii., very com- 
plete article, which this and other instruments are described, and their 
the testing bridges discussed, this instrument the wire held long coiled 
attached separate point the bridge, and the relative motion imparted 
the recording pencil attaching the wire the short end lever, the pencil being 
the other end. The lever made very light, and, the whole, the arrangement 
probably better, although not convenient, that the Fraenkel apparatus. 
ingenious two weights, and two wires which intersect near the record- 
ing apparatus, Rabut enabled record lateral well vertical movements. 

recording parts are supported from the ground and the pencils are attached the 


Am. Soc. E., Vol. xvi, 1887, and Bridge Howe, 


Soc. E., Journal the Association Engineering Societies, Vol. xiv, 1895, 
O13, 
For 


description and illustration the original form instrument, see Der 


ingenieur, 1881, 249. 
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only within the last two three years that has been constructed 
reduce the friction the rapidly moving parts such extent 
make sufficiently sensitive for good work. now constructed, 
all bearings are knife-edge, and all connections are made means 
steel ribbons attached cylindrical surfaces. The levers are mounted 
framework, which carries also the clockwork mechanism 
for moving the paper, and which provided with screws for attaching 
the apparatus the bridge member. The recording pencil held 
carriage running parallel the axis the drum which the 
paper stretched. This carriage moved two small steel ribbons 
attached sector the end the lever system, which arrangement 
gives rectilineal motion the pencil. the short end the lever 
system fastened one end long. light rod, clamped its other end 
the bridge member. the instruments used, these rods were 
such length that, when properly adjusted, the apparatus would 
measure the distortion one meter’s length the bridge member. 
The multiplication the distortion the bridge member was such 
that, assuming the modulus elasticity 000 000 per square 
inch, in. the diagram corresponds stress 600 lbs. per 
square inch, which value has been used the computations. Addi- 
tional pencils for recording the passage wheels were also attached 
these instruments, and this case they worked satisfactorily. 

order make the friction the pencil the paper small pos- 
sible, metallic paper and aniline pencils were used, these being furnished 
with the instruments. With this arrangement distinct mark made 
with exceedingly light pressure, and the pencil does not wear smooth 
lead does. The speed the paper the extensometers was, one 
case, about and the other case, about in. The 
speed was determined frequent intervals, and was fairly constant; but, 
owing the method governing the clockwork, could not easily 
regulated any particular value. Thespeeds trains were determined 
from the records the additional pencils above mentioned, the speed 

the paper and the length the locomotive wheel-base being 
Another instrument which should mentioned this connection that con- 
structed Messrs. Hankenson and Wm. Ledger, and used them carrying 
series tests Corneil University. this instrument much less multiplica- 


tion used than either the others. Single levers are used, and 
record obtained. Engineering News, Vol. xxxiii, 1895, 800. 
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Track Instrument.—The electric track switch used was crude 
affair, but answered the purpose very well. Some difficulty was exper- 
ienced devising apparatus which would work slowly enough 
under fast trains. That which was finally successful was made 
follows long wooden block saw-blade was placed and loosely 
held its two ends under thin metal straps. This blade was then 
sprung upward and supported brass springs along the center, and 
arranged that being depressed about in. electric circuit would 
closed. This contrivance was fastened just outside the rail and 
parallel thereto, and such elevation that passing wheel would 
keep the circuit closed while moving ins. 


GENERAL DESCRIPTION THE EXPERIMENTS. 

The experiments question consisted obtaining records stress 
and deflection under moving trains from number bridges the 
Chicago, Milwaukee and St. Paul, and the Union Pacific railroads. 
Tests were made twelve plate-girder bridges, spans varying from 
ft. length, and eleven truss bridges spans from 100 
200 ft. length. 

The chief characteristics these bridges are given Tables Nos. 
and the plate girders are through bridges, and, with the excep- 
tion Nos. and 12, the ties are supported shelf angles. They 
are, doubt, somewhat shallower than deck girders like span, and, 
therefore, somewhat more flexible. All the girders, however, are 
recent construction and represent modern practice. All the truss 
bridges are the Pratt type, except Nos. and 21, which are Pegram 
trusses. The dates erection indicate fairly well the character the 
construction, Nos. and being light structures while Nos. 14, 17, 
and 19, are fairly heavy, modern, Pratt trusses. The two Pegram 
trusses have long panels and suspended floor system with plate 
hangers. The last four bridges are the Union Pacific, all others are 
the Chicago, Milwaukee and St. Paul Railway. 

the testing girder bridges, the was usually 
flange the center the bridge, and one both the extensom- 
eters attached the flange the girder near the center pos- 
sible. For the sake comparison, simultaneous measurements 
stress were frequently made, some cases the two lower flanges, 
and others the outside lower and outside upper flanges. gen- 
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eral, about twelve fifteen experiments were made each girder 
bridge, this being usually sufficient number bring out great 
variety speeds and locomotive effects would likely occur with 
any frequency. most the girders the effect the locomotives was 
soon seen the feature chief interest, that either passenger 
freight cars not being special importance. 

the experiments trusses the deflectometer was usually attached 
the post nearest the center the bridge, and records obtained from 
that position for all tests the structure. the same time the 
extensometers were attached various members the bridge. After 
little experience was concluded that the members from which the 
most significant curves could obtained were: lower chord member, 
the main diagonal nearest the center, and the hip vertical; and these 
were, therefore, the members usually experimented upon. the use 
both extensometers determinations were made, many cases, the 
bending individual bars and the relative tension the various 
bars the same member. Such experiments, however, were made 
secondary importance, the main object the work being secure 
reasonable number diagrams from many different structures 
possible. from thirty forty experiments were made each 
truss. 

all, about four hundred experiments were made, three curves usu- 
ally being obtained from each. With few exceptions, the experiments 
were made with the trains the regular traffic. most cases there 
were but ten twelve movements during the day, not many dia- 
grams were obtained might have been desirable; but was thought 
that the work would more valuable number structures dif- 
ferent span-lengths were tested than great number experiments 
were made two three bridges. This idea was strengthened the 
fact that those places where longer stay was made structure, 
very little which was new was observed the deflection curves after the 
first day’s work. 


two different occasions, through the kindness the railroad 
officials, short freight train was placed the disposal the experi- 
menters. one case the train consisted American locomotive, 
one lightly loaded car, and three empties; and with this, Tests Nos. 
107 were made Bridge No. 14. the other case consisted 
ten-wheel engine, four heavily loaded cars, and caboose; and with this 
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train tests were made Bridges Nos. 11, 12,18 and 19. The use 
special train making such tests obviously great advantage, both 
enabling the tests made very rapidly, and facilitating com- 
parisons. For the tests with special trains, and for many the others, 
stress curves were computed, the data regarding weights locomotives 
and cars being furnished the railroad companies. the computa- 
tions the influence-line method was used being the only practicable 
one for such large amount work. The results the experiments 
are presented and discussed further on. 


THE APPARATUS. 


The working the apparatus was general quite satisfactory. 
The defiectometer proved very convenient adjust, and was very reli- 
able its working, except for the short-girder spans. With spans less 
than about ft. length, the jarring the girder agreed closely 
period with that the moving parts the instrument (about per 
second) that the apparatus was set into excessive vibration, and the re- 
sulting records such cases are not much value. Some reliable curves, 
however, were obtained from 25-ft. span placing the instrument 
the ground and making the connection means gas pipe. These 
curves show that the vibration jarring the bridge this rapid 
rate was really very small amplitude, very small fraction the 
disturbances longer period which are discussed further on. the 
longer girders and the truss bridges this jarring action nearly dis- 
appeared, and the curves obtained from the bring out 
very clearly the vibration the structures without interference in- 
strumental vibrations. the moving parts the instrument were 
made much lighter, believed that would much more useful for 
testing very short spans. 

The moving parts the extensometers, owing the high degree 
multiplication the instruments, constitute rather flexible system, 
and have, therefore, rather slow natural rate vibration, much 
slower than the deflectometer. vibration was found experi- 
mentally about per second, and, therefore, where the variation 
stress about equals exceeds this rapidity, the records the in- 
struments are not reliable. Since the rates vibration the struc- 
ures, individual members, were most cases much less than 
this, little trouble was experienced this score. The jarring action 
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which interfered with the working the deflectometer appeared 
much too rapid too small affect the extensometers, these instru- 
ments invariably gave curves free from such vibrations. The fact that 
the rates vibration the two kinds instruments were much 
different furnished valuable check the workings both. 

order make the rate vibration the extensometers rapid 
possible, the steel carriages supporting the pencils were replaced 
much simpler ones made aluminum. would, however, desir- 
able reduce the weights the rapidly moving parts still further. 
The author does not believe possible with any form apparatus yet 
devised record correctly all the changes stress which occur cer- 
tain members; as, for example, flanges short girders and stringers, 
and possibly main members trusses. From observations deflection 
believed that these rapid changes, accompanied jarring sen- 
sation, are very small; but they can only measured instru- 
ment whose moving parts are almost without weight. reference 
some the curves obtained the experiments Messrs. Hankenson 
and Ledger, referred further on, will show several places where this 
same effect instrumental vibration has, doubtless, entirely masked 
the real distortion the members. 


GENERAL CHARACTERISTICS THE CURVES. 


pages 791, 793 and 795, are given several curves showing the 
main characteristics the principal diagrams taken. Ordinates 
the deflection curves indicate deflections inches; ordinates the 
stress curves indicate stress per square inch. The dotted lines are com- 
puted curves. The diagrams shown page 791 are from plate girders, 
while those pages 793 and 795 trusses. Figs. were 
taken from short girders 30, and 45-ft. span-lengths, respectively 
Fig. from 52-ft. span, and Fig. from 70-ft. through girder. The 
details the various bridges are given Table No. 

general, the curves from plate girders taken from rapidly mov- 
ing trains show, the part the diagram caused the locomotive, 
large projections, vibrations, usually corresponding period 
the revolution the drivers, and due doubt the action the 
counterweights (see Figs. the shorter spans this ac- 
tion was sudden and severe that the pencils the extensometers 
were often evidently thrown too far, can seen comparison with 


| 
| 
7 
q 
+ 4 
| 
7 
7 


Outside Bottom 


Outside Top Flange 


Deflection 


TEST NO. 322. SPEED 43 MILES PER HOUR, 


TEST SPEED MILES PER HOUR. 
TWO TESTS BRIDGE NO.11, WITH SPECIAL FREIGHT TRAIN GOING EAST 


TEST NO.161., BRIDGE NO.3. 
PASSENGER TRAIN WEST; MILES PER 


Outside Top Flange 
Outside Top Flange. 


Inside Bottom Flange 


0.3 Deflection 
TEST NO.55., BRIDGE NO.5. TEST NO.72., BRIDGE NO.6. TEST NO.86., BRIDGE NO.10. 
FREIGHT TRAIN EAST; 39 MILES PER HOUR. FREIGHT TRAIN EAST; 27 MILES PER HOUR, FREIGHT TRAIN WEST; 40 MILES PER HOUR, 


TURNEAURE MOVING TRAIN-LOAD EXPERIMENTS. 791 


4 
| e — | 
| is | hy 
= } 2 ] 
: | = 
| S 
7 
| 
j 
7 
H 
| > 
eg 
q 
6 


792 TURNEAURE MOVING TRAIN-LOAD EXPERIMENTS. [Papers. 


the deflections (Fig. For the longer spans, Fig. this effect 
drivers diminished very much and the curves from the two instru- 
ments agreed better. Where the speeds were less than miles 
per hour, the vibrations weresmall. Figs. and the deflection 
curves show the effect the jarring action before mentioned, and 
Fig. the vibrations are undoubtedly much exaggerated the instru- 
ment. the larger the bridge, the less this effect, and the 
case the two girder spans the through type did not appear. 
Passenger cars produced noticeable vibrations girders other than 
this jarring action, and the same true freight cars all the 
girders except the two through spans (see Fig. 5). 

Specimens the diagrams obtained from truss spans are shown 
Figs. inclusive very many cases considerable vibration 
the truss was caused the locomotive, shown the deflection dia- 
grams nearly all the figures. was true for passenger well 
for freight locomotives, and for considerable range speed, although 
not usually caused trains running slower than miles per hour. 
Passenger cars never caused large vibrations, nor did empty freight cars, 
but loaded freight cars often did, Fig. Diagrams chord 
stress are seen quite similar the corresponding deflection 
curves. Those for stress the diagonal and the hip vertical show, 
course, large variations due the wheel-load concentrations, and, 
besides, exhibit very large vibrations under the locomotive, which cor- 
respond usually the vibrations the deflection curves. The rapid 
vibrations shown the stress curves for the diagonals Figs. and 
are dueto the vibration the individual bars. These are much more 
rapid than those caused the vibration the bridge whole. The 
agreement between the computed and the observed stresses varies; but 
general the curves from the instruments are similar the computed 
curves, although the absolute values the ordinates differ quite mate- 
rially account secondary stresses. 


THE EXPERIMENTS. 


From examination the curves and consideration the ele- 
ments affecting the problem, was thought that the discussion could 
best divided into the following parts: Effects Speed Alone; Vibra- 
tions Girders and Trusses; Relation Stresses 
Secondary Stresses and Computed Results Other Exper- 
ments; Conclusions. 
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Effects Speed Alone. 


Inasmuch discussions impact, greater stress usually laid 
upon the feature the rapidity application the load than upon vi- 
brations, and, impact formulas appear give emphasis this same 
direction, was thought desirable discover, possible, the effects 
speed alone, when separated from those vibration. 

Experimental Results.—If train moves over bridge perfectly 
smooth track any given speed, and all the wheels are truly circular 
and perfectly balanced, evident that there will produced 
smooth deflection curve, which, when compared with the curve made 
the same train when crossing very slow speed, will bring out 
clearly the effects the rapidity application the load. the 
actual case various elements conspire cause vibrations, which are, 
any considerable duration, equal amplitude each side the imag- 
inary smooth curve previously mentioned. From these considerations 
was concluded that curves constructed drawing middle lines 
through the sinuous lines the diagrams, could fairly compared 
studying the effects speed alone. 

making these comparisons, two methods were used. One was 
measure the mean ordinate the curve the extensometer some 
particular point and then compare with the computed stress. The 
other was compare the curves from both the extensometer and de- 

flectometer caused the same train different rates speed. The 
latter far the most reliable and satisfactory, eliminates many 
uncertainties the matter weights and dimensions, but requires 
the use special train for testing, which was had only for the few 
bridges already mentioned. 

The results this comparison for eight bridges are given Figs. 
12, 13, and 14. all cases the stress the flange, other member, 
was computed for that position the locomotive which would give the 
maximum stress. Mean ordinates were then measured the correspond- 
ing points the diagrams, and these measured stresses then compared 
with the computed. The ratios the observed the computed stresses 
are plotted the figures points, ordinates representing the values 
the ratios, and abscissas representing velocities miles per hour. 
Dotted horizontal lines representing average ratios have been drawn 
those cases where the points could not readily connected. was not 
expected that the observed stresses would agree very closely with 
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the computed, account the secondary stresses; but plotting the 
observations this way was thought that any possible effect speed 
would noticed. the tests Bridges Nos. and (Fig. 12) and 
(Fig. 13) the trains were all different. the other cases the observations 
for each bridge were made single train, and, although ratios ob- 
served computed stresses are plotted here also, the computed stresses 
are the same for all speeds, and the observed values are directly com- 
parable. The deflections are likewise comparable, and are therefore 
plotted. camber, the practice the Chicago, Milwaukee and St. 
Paul Railway Company omit all camber girders and put about 
the usual amount trusses. There were irregularities the track 
sufficiently great noticeable. 

was expected, the points the diagrams for Bridges Nos. 
4,5 and are somewhat scattered, but the points all the others show 
much regularity arrangement. quite evident that the diagrams 
fail show any case any general increase stress deflection with 
increase speed. the contrary, they show nearly every case 
very constant values all speeds, and, considering the uniformity 
the results and the conditions under which the experiments were made, 
the conclusion seems warranted that the effect speed alone 
bridges spans exceeding ft. length consequence what- 
ever. For shorter spans the experiments are not sufficiently accurate 

Deductions from passing over bridge causes 
the structure defiect that the curvature the track concave up- 
ward, the pressure the load the bridge will more than its 
weight the amount the centrifugal force developed. velocity 
along the curved path (assumed equal the horizontal velocity); 
mass; and radius curvature the path the load (not neces- 


Take, for example, the case single load moving over beam 


constant cross-section. When the movement slow, the equation 
the path the moving body is: 


where and are the usual coordinates, with origin center; half 


span; and central with load center. The sharpest 
curvature this path the center, where the radius curvature, 


sarily the track), then the centrifugal force, 
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COMPARISON MEAN STRESSES AND DEFLECTIONS FOR VARIOUS SPEEDS. 
PLATE GIRDERS. 
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whence, this point, the centrifugal force is, approximately, 


1 


moving body. 

Thus, for 25-ft. span, weight; for 50-ft. 
span, 3.3% weight. the actual deflection somewhat in- 
creased the centrifugal force, and hence the sharpness curvature 
likewise increased, the effect really somewhat greater than the above. 

Dr. Zimmermann has treated this problem rigidly,* and for- 


mula closely approximate his exact formula (practically correct for 


values 10) is: 


or, with span, and ft. per second, becomes 
F=P 


formula practically exact for values greater than about ft. 

This formula gives for the above cases, 8.7% and 3.7%, respect- 
ively. Fora 15-ft. span, the increase would 16%, with the same 
assumption the ratio deflection span length. For such short 
spans, however, the deflection would not, rule, great 
the span, that higher value would likely ob- 
tained than for 25-ft. span. For 100-ft. span, per cent. 
The effect uniform load would less than that concentrated 
load, the average curvature that case much less. 

the above approximate methods shown that theory, well 
the results experiments, indicates that the effect speed alone 
practical importance unless for very short spans. For such 
spans experimental data are not available. The best formula known 
the author that Zimmerman. The effect camber reduce 
the centrifugal force, but the small value the force indicates that the 
benefit derived this direction from cambering ordinary spans small. 


Schwingungen eines Trigers mit bewegter Dr. Zimmermann, 
Berlin, 1896. 
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RATIO OBSERVED COMPUTED 


COMPARISON MEAN STRESSES AND DEFLECTIONS FOR VARIOUS SPEEDS. 
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Vibrations Girders and Trusses. 

will convenient discussing the subject vibration, treat 
the girders and trusses separately. Asa rule the girders were too 
short span-length show cumulative vibration, the 
ducing vibration acting but few times, and usually much 
slower rate than the natural rate vibration the structure. 
the truss bridges, however, conditions were often favorable for cumu- 
lative vibration, and this point considered that part the dis- 
cussion. 

Vibrations Girders.—The typical curves page 791, already 
described, show that the feature the tests which chief interest 
and importance that the vibrations caused the locomotive. 
The results all tests any value have therefore been presented 
Table No. with particular reference this point. 

the column headed deflection, and the column containing 
values stress per square inch, the several quantities were found 
measuring the mean ordinates the respective vibratory curves the 
point where the deflection, stress, was maximum under the loco- 
motive. The percentage added vibration” the ratio one-half 
the amplitude vibration the mean ordinate 
the short spans the vibrations per second” were not very accurately 
determined, often there would but one two vibrations during 
the passage the locomotive. The other columns are self explanatory. 
Where the records are doubtful value, owing the inertia the 
instruments, question mark placed after the figures; but figures 
have not been given except where careful inspection the curves has 
satisfied the author that the actual vibrations were large percentage 
those recorded. Records deflection are poor for many the experi- 
ments spans ft. length. The experiments each bridge 
are arranged the order increasing speed trains. The condition 
track was good all bridges. 

The percentage increase the flange stress should agree general 
with that the examination Table No. shows that, 
while the agreement many cases not very good for the shorter 
spans, good for the longer spans, and the whole, considering 
the great difference between the two kinds instruments used, 
sufficient show that the results are entirely reliable general 


indications. Several experiments have been omitted from the table, 
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the vibrations being too small any consequence. tests, 
however, are accounted for the column remarks. 

The principal points brought out the data Table No. are: 

(1) The increase flange stress, due vibration 
about the same all spans from ft. length; and, neglecting 
two three doubtful cases, has maximum value about 50% for 
speeds miles per hour. For spans 60, and ft. 
length, the maximum percentages are 22, and respectively. 

(2) Speeds greater than about miles per hour for short spans, and 
miles per hour for long spans, almost invariably caused large 
vibrations. 

(3) The rates vibration the bridges for high speeds and large 
amplitudes agree approximately with the rates revolution the 
locomotive drivers, and show quite clearly that the chief influence 
producing vibration the effect the locomotive counterweights. 

(4) There are undoubtedly other causes vibration, such rough- 
ness track, flat wheels, etc. This shown some extent the 
results from comparatively slow speeds, where the vibrations produced 
are much more rapid than the rate rotation the drivers. The pres- 
ence iron floor system the through girders, Nos. and 12, ap- 
pears make difference the vibration. The panel length both 
cases about ft., very favorable length for vibration Bridge No. 
12, where locomotive with 56-in. drivers was used. 

(5) Different types locomotives, and locomotives differently bal- 
anced, will undoubtedly produce different amounts vibration, but 
these tests there was little variety locomotives counterbalancing. 
The ten-wheel engines appear have caused more vibration some 
cases than the American type, although the difference hardly enough 
warrant general statement. The tests Bridges Nos. and 
were all made with ten-wheel engine with small drivers, but the re- 
sulting vibrations are rather low. 

(6) law variation vibration with speed, the experiments 
were not numerous enough determine this point. general way 
vibration increases with speed, but apparently not rapidly the 
square the speed, the theory centrifugal force would suggest. 
attempt was made discover any possible regularity variation 
plotting the experiments, but the accidental variations were too great 

make the diagrams any value. 
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(7) the through girders, Nos. and 12, considerable vibration 
was caused some cases loaded freight cars, although the panel 
length ft. not favorable such action (see Fig. 5). 

Vibrations Trusses.—Table No. gives the principal data from 
the experiments trusses, arranged before, the order increas- 
ing speed for each bridge. has already been explained, the extensom- 
eters were used the lower chord (usually the center), the diagonal 
nearest the center, and the hip vertical, the various members tested 
being indicated the small diagrams the table heavy lines. 
Stresses, and percentages increase due vibration, are given for these 
members, together with corresponding values for the deflections. Where 
the vibrations were any consequence, they agreed rate for the de- 
flection, chord stress, and stress the diagonals, and also, usually, for 
the hip vertical. 

some cases the relative vibration was greatest before after the 
maximum occurred, and for some these cases two values for 
vibration are given, one for the maximum vibration, and the other for 
vibration time maximum deflection. 

The effect vibration will discussed first with reference the 
deflection only, the relation between stress and deflection being taken 
later. The salient points the tests each structure will briefly 
noted. 

Bridge No. one the worst for vibrations. Under the locomo- 
tive there are many values above 15%, the highest being 20%, and highly 
cumulative (see Fig. 7). These large vibrations occur for speeds 
miles per hour, and are all for freight trains. The freight loco- 
motives are much larger than the passenger, and are ten-wheelers, which 
facts may account for the smaller vibrations for speeds above 32; but 
more likely that this due the fact that the higher speeds not 
accord well with the natural rate vibration for the loaded bridge. 
Fig. record from passenger train and shows much less vibration 
than Fig. although the speed much higher. Several curves from this 
bridge show large cumulative vibrations from loaded cars, but case 
the total equal that produced the locomotive. The 
conditions this bridge are very favorable vibration. The panel 
length .is about equal the circumference locomotive wheel, and, 
furthermore, the stringers are shallow and the structure rather light and 
flexible. Passenger cars and empty freight cars cause vibration. 
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Bridge No. modern structure. The trains this place were 
very light, were also the locomotives. The maximum vibration was 
caused passenger engine speed miles per hour. Speeds 
below miles per hour did not cause noticeable vibration. 

Bridge No. light structure. Speeds below miles per hour 
gave little vibration. The maximum for locomotives about 20% for 
speed 42, and that for cars miles per hour. experi- 
ment No. 145, with 45, the vibration greatest before the loco- 
motive reaches mid-span, showing that this speed was probably too high 
for maximum cumulative effect. This bridge has wooden floor, and 
panel length ft. ins., conditions very favorable for vibrations, 
both for cars and locomotives. 

the tests Bridge No. 16, large number cases, there was 
considerable vibration caused the engine. Few records show much 
effect cars, but there were very few freight trains observed here 
speeds above miles per hour. The floor system not flexible 
some the other bridges which wooden stringers are used, but 
the panel length favorable for vibration, and this may partially account 
for the comparatively high percentage for large number tests. 
The records from this structure show that speeds may vary within quite 
large range, and still have conditions favorable for vibrations. 

Bridge No. thoroughly modern one with stiff lower chords 
and small but shows fully great vibrations from passen- 
ger engines the lighter bridges. Freight trains were probably too slow 
here cause much vibration. 

Bridges Nos. and are also modern structures, No. being very 
similar No. were experimented upon the special train be- 
fore mentioned. The 106-ft. span shows 23% vibration under the loco- 
motive for speed miles per hour, and less for higher speeds; but 
the loaded cars produced much vibration the high speeds. The panel 
length this case nearly equal the driver and this 
may have influenced the vibration due the engine. The vibration due 
the cars cannot, however, attributed the stringers, for the rate 
vibration implies distance passed over about ft. for each vibra- 

tion, while the panel length ft. possibly may have been 
due rough track near the bridge. 

With Bridge No. few experiments were made sufficiently high 
speeds develop vibrations, none speed less than miles per 
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hour causing appreciable disturbances, although ten such tests were 
made. The panel length feet quite unfavorable for vibration, 
the locomotive used having 56-in. drivers. 

the next four cases most the records the deflectometer were 


obliterated dampness, and the records the chord stresses must 
used lieu anything better. 


There the first three these bridges slightly less than the usual 


amount vibration, but the difference not greater than would ac- 
counted for the lower speeds here observed. was expected that 
No. would have considerably less vibration than No. 22, owing its 
much greater rigidity, but the tests failed show much difference. 
none these three bridges was the panel length favorable vibration. 
the last case observations were made the chord, and but three 
the records the deflectometer are available. The results from the 
diagonal indicate rather high vibration, amounting 26% one case. 
The speeds are somewhat higher here than the other three cases. 
Cumulative Vibration.—In all cases where large vibrations were pro- 
duced the trusses tested, they were, without doubt, more less 
cumulative, and highly the worst cases; as, for example, the test 
illustrated The chief cause vibration under the locomotive 
was undoubtedly the counterweights, the effect which was increased 
some cases the deflection the stringers; and the results show 
that cumulative vibration from this cause can occur for comparatively 
wide range speed, the rate vibration increasing with the speed. 
True cumulative vibration occurs only when the impulses are timed 
agree with the rate vibration the structure; but noted 
that the locomotive passes upon bridge the natural rate vibration 
changes gradually from that the empty bridge that fully loaded 
one. may, therefore, vary between quite wide limits 
and yet cause cumulative vibration. the same time, this change 
rate vibration the bridge limits considerable extent the dura- 
tion and intensity the vibrations. quite noticeable, for example, 
Bridge No. 13, that the higher speeds the vibration was usually 
the greatest relative intensity before the locomotive reached the center 
the bridge, while with the slower speeds was greatest with the bridge 
fully loaded (see 7). Other cases high vibration occurring 
before the maximum deflection was reached are noted the table (see 
also Fig. the case vibrations produced uniformly loaded 


4 
| 
2 
: 


806 TURNEAURE MOVING TRAIN-LOAD EXPERIMENTS. [Papers. 


train, the rate remains constant, and the vibrations often become highly 
cumulative. Speeds too low for cumulative effect will cause non-cumu- 
lative vibration, plate girders, which increases intensity with 
decrease span. Speeds too high for cumulative effect will cause 
shocks stringers and other primary members, which will absorbed 
before reaching the main truss. 

Professor Robinson has thoroughly discussed the subject cumu- 
lative vibration,* and his paper derives approximate formula for 
the time vibration loaded bridges. His formula for uniformly 


which time for one complete vibration; load, 
ing weight bridge; and central deflection produced any dis- 
tributed load has further shown the effect car and locomo- 
tive springs reducing the time vibration bridge and train, and 
presents formula taking account this effect. author has made 
this formula, and also somewhat different one 
his own, but with very unsatisfactory results, especially the case 
the locomotive. Calculations based constants obtained from the 
railroad company, would call for rate vibration the locomotive 
its springs about per second, whereas the rate was found 
actual observation between It, however, can easily 
shown experimentally that combination two elastic systems will 
vibrate single system rate somewhat slower than that the 
most slowly vibrating component. Without attempting take account 
this effect the springs the locomotive, cars, the author has 
calculated, the above formula, the rate vibration for each truss 
when loaded with the heaviest locomotive actually observed each 
case, followed loaded freight train weighing 600 lbs. per lineal 
foot (about the actual weight). These values are given the sum- 
mary tests trusses. 

Summary Tests Trusses.—In Table No. 5is presented 
the principal data the tests trusses. Detailed information 
concerning the trusses given Table No. the third column 
the table are given the ratios deflection span-length, under the 
average heavy train observed, serve measure the flexibility 
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the trusses under the actual traffic. the locomotives varied con- 
siderably weight, these figures not show the relative flexibility 
the bridges under like conditions. 

The most noteworthy feature these results is, perhaps, the com- 
parative uniformity the maximum percentages added 
vibration. reference the details the tests Table No. 
shows that the rate vibration the structures agrees quite closely 
with that the revolution the drivers, indicating that, plate 
girders, the chief cause vibration the unbalanced wheels. With 
the exception Bridge No. 23, the only ones which the vibration 
the stiffest the list, but there are others having high vibration which 
are equally stiff, and can hardly concluded that stiffness the 
cause the small amount vibration these two cases. fact, 
there not enough variation the results enable conclusions 
drawn respecting the influence any the varying conditions. 

These tests indicate, however, that the vibration almost any 
truss the span-lengths here considered, very likely high 
20%, but that not likely greatly exceed this percentage under 
ordinary Considering the large number experiments and the 
variety trusses, would seem that the maximum might reasonably 
placed 25% for trusses from 100 200 ft. span-length, and 
perhaps for longer spans, the tests not indicate any tendency 
increase vibration with increase span. 

The minimum speed causing vibration exceeding 10% the static 
deflection, varies from about about miles per hour, averaging, 
say 30. two cases, Nos. and 18, both flexible bridges, the maxi- 
mum speed causing excessive vibration, was reached and passed. 
all other cases the highest observed speed caused more than 10% vibra- 
tion. The calculated rates vibration are evidently too high. Nos. 
and they correspond with the maximum velocity train that 
causes excessive vibration, while Nos. and they are less. 

regards vibration caused cars, very few cases were noted for 
each bridge which this was excessive, and, account the small 

number loaded freight trains passing high speeds, the records for 
Bridges Nos. 14, and are not great value this connection. 
noteworthy that the high percentages for cars are all for bridges 
which the panel-length very nearly equal half car length. Bridge 


‘ 
q 
q 


808 TURNEAURE MOVING TRAIN-LOAD EXPERIMENTS. [Papers. 


No. very flexible structure, yet the vibrations produced 
trains are invariably small. 

Counterweights.—The practice the Chicago, 
Milwaukee and St. Paul Railway counterbalancing counterbal- 
ance for the revolving parts and for two-thirds the weight the re- 
ciprocating parts, the weight for the reciprocating parts being equally 
distributed among the drivers. Weights the reciprocating parts 
have been obtained for two three locomotives each important class 
engines involved the tests this company’s bridges, and average 
values are herewith given, together with the amount excess counter- 
weight for each wheel, terms weight applied crank-pin center. 
The class locomotive here indicated its weight, which will 
enable identified the tables tests. The centrifugal forces 
these excess weights speeds and miles per hour have been 
computed, and are given the following table terms percentage 
weight the driver. Account taken the fact that the counter- 
weights are 90° apart and the resultant effect here given. Nos. 
and are ten-wheel engines. 


+— 


CENTRIFUGAL 


(PER CENT). 
drivers, 
drivers. each wheel. miles per miles per 
hour. hour. 
Lbs Ins Ins. Lbs. Lbs. 


For spans less than about ft. length the deflection caused 
locomotive due almost entirely the weight the drivers the time 
when reaches its maximum value; and for such bridges these calcula- 
tions would indicate increase from the centrifugal force 
the counterweights, amounting from 30% for speeds miles 
per hour. For spans ft. long the entire locomotive the bridge 
when the maximum deflection takes place, but the drivers still cause 

about two-thirds this, and the value the effect the 
counterweights would therefore approximately 15% the static 
For 100-ft. span the values would from one-third 
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one-half those given the table, from 15%, for velocities 
miles per hour. all this computation, cumulative action has been 
neglected. Such action, undoubtedly, increases greatly the vibration 
the longer spans. 

The above-computed values are considerably less than the observed, 
but they suffice show that, for short spans least, vibration cer- 
tain large long locomotives are used which cannot perfectly 
balanced. The excess the observed vibration over the computed 
can, undoubtedly, accounted for many cases the fact that the 
locomotive vibrating its springs passes upon the bridge. The 
author has endeavored two occasions learn, possible, obser- 
vation from the locomotive, such vibration took place. both cases 
very considerable vibration was noted frequently occurring rate 
about per second, and when was most noticeable agreed almost 
exactly with the rate revolution the drivers. Small bridges were 
crossed some instances while this vibration was quite marked, and 
test would, doubt, have shown the effects this. 


Chords.—An examination the table will show that the percentage 
increase chord stress usually about the same deflection. 
few cases there considerable difference, sometimes the chord stress 
being the greater and sometimes the 

Diagonals.—Here, again, many cases the variation stress agrees 
with that the deflection, but the average the increase the former 
considerably the higher. Considering only the effect the locomo- 
tive, and discarding those tests which the train moved the wrong 
direction cause large stress the diagonal, will found that the 
maximum percentage increase for the diagonal 30%, compared with 
for the deflection the same test. the maximum stress the 
center diagonal occurs before the maximum deflection, the increase its 
stress due vibration depends upon the vibration occurring slightly 
earlier than that which determines the increase usually 
recorded (see Tests Nos. and 27, Bridge No. 13). 

Hip increase stress the hip vertical from 
vibration most cases much higher than deflection, the maximum 
values varying between and 47%, one doubtful value 72% 
omitted. most weight given the figures obtained from large 
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number experiments the same bridge, average maximum value 
would about 40%, approximately the same found plate gir- 
ders 50-ft. span lengths. 

From the theoretical standpoint these results are about would 
expected. The action locomotive bridge when cumulative 
vibration takes place two-fold: First, there the local effect each 
impulse from the drivers, and, second, the effect all parts the 
structure due vibration. The effect the chord members mainly 
from the latter cause; that diagonals from both, while the hip verti- 
ticals and floor system near the end the bridge would feel mainly the 
local effect. Stringers and floor beams near the center the bridge 
would feel both the effect the extra pressure due vibration, and the 
impact the drivers. experiments were made stringers floor 
beams, but assuming them receive the same impact short girders, 
the total effect these members would something like per cent. 
This may reality somewhat reduced the more less elastic sup- 
ports these girders. 


Secondary Stresses and Computed 

incidental the main object the tests, there were many cases 
where secondary stresses were determined using both extensometers 
the same member. some the results may interest, indi- 
cating they the possible magnitude these stresses, they will 
here given. the plate girders, for example, the observed stresses 
varied from the computed follows: 


For 25-Ft. Span. 
Top outside flange, observed value 130% computed. 


For 30-Ft. Span. 
Top outside flange, observed value 125% computed. 


For 45-ft. spans and longer the flange stresses agreed very well with 
the computed, except the through girders, where the lower flange 
stress was only about 70% the computed value. 
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general, the different bars the same chord member had nearly 
the same stress, but all had more less bending stress near the pin. 
This was not great for well-proportioned eye-bars, but was high for 
some very light Bridge No. 15; and the stiff chords Bridge 
No. the upper flange had, near the pin, only 75% great stress 
the lower, while similar bridge, No. 19, the upper flange had 
less than 60% the lower. 

Diagonal bars pulled about equally, except Bridges Nos. and 
16, where one case the outside bar received and the other only 
much the inside. 

Hip verticals, where made bars, were about equally stressed. 
one case stiff members the outside flange received 40% much 
the inside, and another case per cent. 

those bridges having iron floor system the observed chord 
stresses were always from 30% less than the computed (see Figs. 
and 3), whereas the observed diagonal stresses averaged about the same 
the computed. The cause this small chord stress was, undoubt- 
edly, the action the stringers tension members. 


find what 
effect this tension had the floor beams, few experiments were made 


the end floor beam one stress high 000 per 


square inch was observed the flanges, due horizontal bending, this 
value being two-thirds great the stress due the vertical load. 

the lighter bridges, and the long diagonals nearly all the 
bridges, considerable vibration occurred the individual bars, causing 
high stresses some cases, and being objectionable general. 
was not observed the chord bars the heavier structures. 

doubtless true that secondary stresses are often much greater 
than stresses due the vibration the structure whole; and 
open question whether more attention should not paid this 
feature. Experiments with the apparatus herein described can readily 
made, and, thoroughly carried out for few well-designed trusses 


any given form, would give good idea the amount these 
secondary stresses. 


This 


Theoretical investigations are for many cases quite 
practicable, but for others are too complicated for ready use, and actual 


tests are much more instructive. large railway company could well 


afford possess the instruments such described this 
paper, tests could easily made which would much assistance 
the development standard designs. 
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Deflections have been computed for Bridges Nos. and the 


formula involving the distortions each member, The re- 


sults are, for No. 18, .54 in., and for No. 19, .37 in.; or, 
making approximate allowance for reduced chord stress account 
the action the stringers, these values become .50 in. and .35 in., re- 
spectively. The observed values averaged about .49 in. and .33 in., 
respectively. 
Results Other Experiments. 

The first published report experiments bridges under moving 
loads, that has come the author’s notice, that some tests made 
Professor Fraenkel.* They were made with instruments similar 
those described this paper, but the extensometer then constructed 
was not very reliable. The tests are value chiefly showing the 
amount the secondary stresses small riveted girders, but few 
experiments were made which bring out the effects high speeds. 
Deflection tests four small girders showed increase from 
the deflection (including the effect vibration) over that 
slow speeds. truss 36.37 span the chord 
stress was not increased increase speed; but there was con- 
siderable increase shown web members and the floor system. 

The first really important series tests are the well-known experi- 
ments made Professor which reference has already 
been made. The results his tests five bridges from 141 156- 
ft. span-lengths show percentages vibration for the locomotive vary- 
ing from 28.6. One these spans was Whipple truss, while all 
others were Pratt trusses. All had panel-lengths approximately equal 
the locomotive driver circumference; the stringers were three 
cases wooden, and the other cases iron, depth from 
two other bridges 128-ft. spans, the vibration was 11.4% 
and 15.9 per cent. these the rails rested wooden floor-beams sup- 
ported directly the lower chord. Still another bridge, very stiff, 
double-track span 154 ft. ins., with panel length ft. ins., 
was reported having very little vibration. all these tests the 

maximum vibration from cars was per cent. 
These experiments Professor Robinson agree very well with 


those made the author, except that for cars the maximum vibration 


Der Civilingenieur, 1881-1884 and 1887. 
Transactions, Am. Soc. E., xvi, 42. 
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observed the latter was somewhat less. case, however, any 


the experiments, was the maximum deflection from train great 
that from the locomotive. 

test riveted bridge 35-m. span reported Cue- 
not.* The Manet apparatus was used, and stated that the stresses 
the various members averaged about 22% higher under speed 
ment not one which gives continuous record, supposed that 
this increase stress includes all effects vibration. The detailed figures 
show much irregularity the percentages for the various members. 

series experiments which will undoubtedly great value 
when completed that now being carried Rabut the West- 
ern Railways France. Rabut reports his tests show} that 
plate girder 60-ft. span, with static deflection in., vibration will 
not increase the deflection more than one-tenth. also finds the 
same relative increase stress deflection. Secondary stresses are 
found large. From some previous work done him eight 
conclusions: high speeds vibration governed wheel-base, cars, 
tion only small fraction the static deflection. Excess dynamic 
over static deflection very small with main girders long spans; 
sensible for beams and main girders for short spans, and considerable 
for stringers, especially near abutments. The time vibration inde- 
pendent speed. Increase speed scarcely affects mean 
but vibration, although this increase is, for large spans, 
only small percentage the deflection. regards increase mean 
deflection from increased speed, these results agree with the author’s 
experiments, but the effects vibration appear much less marked 
the experiments Rabut. 

Professor Howe has some observations vertical 
and lateral defiection made two bridges 122 and 164-ft. span 
lengths. Very little vibration was observed these experiments, the 
highest for trains being 7.5%, and for single locomotive per cent. 


The speeds were, however, all low, nearly all being below miles per 


Annales des Ponts Chausées, July, 1891, 
Engineering, August 18th, 1897, 183. 


Génie Civil, Vol. xxii, 1892, 88; abstracted Min. Proc. Inst. E., Vol. exii, 
p. 391. 


Journal the Association Engineering Societies, Vol. xiv, 1895, 513. 
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hour, which, from the author’s tests, appears too low develop 
much vibration. 

number measurements stresses individual members were 
made three bridges, 1893, Messrs. Hankenson and Ledger, 
using for the work the extensometer already mentioned.* Their experi- 
ments were mainly hip verticals, but some records were obtained 
from other members. The curves show some vibration similar that 
found the author, and indicating excess dynamic over static stress, 
but the increase appears considerably less. The diagrams from 
the lower chord show considerable vibration the structure whole, 
but the record mostly masked the very rapid vibrations the 
instrument, which were accompanied jarring sensation, noted 
the experimenters. Their instrument was evidently very sensitive 
these rapid vibrations which, however, may have been really very small, 
the author inclined believe was the case. The records from the 
diagonal indicated much 20% increase stress due vibration 
the structure. 

The latest mention experiments bridges the recent paper 
Mr. this paper the author bases his coefficients for 
mediate entirely results tests bridges India. Average 
percentages from these results are given the form curve page 
372. From this appears that the experiments referred showed 
increase due impact from 50% for very short spans, about 14% 
for spans which the ratio fixed moving load one-fourth, and 
about where this ratic one-half. While probable that these 
values for short spans are none too high and agree very well with the 
results the author’s experiments, the coefficients for the longer spans 
appear much too low for American practice, indicated both 
Professor Robinson’s experiments, and those herein described. would 
very desirable know more detail the nature the tests referred 


Mr. Stone. 
Conclusions. 


The following summary the principal results and conclusions 
which have already been mentioned: 

(1) Speeds less than about miles per hour are not likely result 
much vibration. 


Engineering News, May 9th, 1895, 300. 
Determination the Safe Working Stress for Railway Bridges 
Soc. E.; Proceedings, Am. Soc. E., 


Iron and Steel,” Herbert Stone, Am. 
May, 1898, 364. 
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(2) The increase due vibrations, caused locomo- 
50% for girder spans less than ft. length. 

(3) This percentage decreases rapidly for longer spans, becoming 
about 259 maximum for 75-ft. spans. 

(4) Owing cumulative effect, the percentage likely maxi- 
mum 25, for spans from ft. 150 ft., more, length, but 
the experiments indicate increase percentage for increase span. 

(5) The relative increase chord stress about the same de- 
flection; that center diagonal somewhat more than the 
tion; and hip vertical corresponds more nearly that girders 

(6) The effect speed application the load mean 
was consequence the spans tested (the increase deflection from 
live load being due vibration), although theory points appreci- 
able increase from this cause very short spans without camber. 

(7) Secondary stresses are likely high small girders with 
shelf-angles, and some parts trusses, and the discrepancy between 
observed and computed stress may greater from this cause than 
from the dynamic effect moving loads. 

conclusion, the author desires acknowledge his great indebted- 
ness the various officials the Chicago, Milwaukee and St. Paul Rail- 
way and the Union Pacific Railroad, who kindly furnished facilities 
and information which have enabled these experiments carried out. 
those connected with the former road, special thanks are due 
Onward Bates, Am. Soc. E., Engineer and Superintendent 
Bridges and Buildings, for his great assistance and kindly interest 
throughout the entire work; Barr, Am. Soc. E., Super- 
intendent Motive Power, and Mr. Manchester, Assistant 
Superintendent Motive Power, for much regarding 
weights locomotives and cars; and Division Superintendents 
Messrs. Stapelton and Cosgrave for special facilities the 
way trains. George Pegram, Am. Soc. E., former 
Chief Engineer, and Mr. Berry, now Chief Engineer the Union 
Pacific Railroad Company, the author indebted for facilities and data 
connection with the tests made the four bridges that road. 

The author also greatly indebted Stewart, E., for 


many valuable suggestions and for his assistance carrying out the 
experiments. 
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TABLE No. 


out out. 


Co.’s No. 
Length span, 


85’ 0” 
85’ 0” 


Reference No. 


GIRDER 


Distance shelf- 
angles below 
upper flange. 


Five 
beams; 
19-in. 


Six 
30-in. beams; 


22-in. stringers. 


Remarks. 
900 1894 
400 1894 |Tested east span. 
16 600 | 1892 
25 700 | 1892 
600 1895 
500 1895 
900 1894 west span. 
Double track, with three 
150 500 1890 girders. West span 
tested. 
1896 bridge. West span 
tested. 
116 800 1896 


Pap 


a 
63” 1’ 0” 
63” ? 0” 
; 3 6” 1’ 
4 4’ 6” 2 14” 
10, | 6’ 6” | — 
| 
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TABLE No. Truss 


Reference number. 


Railroad company’s 
number. 


Elkhorn Columbus 
Bridge. 


Bridge. 


Number spans. 


Length span, 
center center. 


147’ 


13” 


63” 


Number panels. 


@ 


Depth. beams. 
(suspended) 
(suspended) 
(suspended) 


Stringers. 


Hip verticals. 


I-beams. 
27-in. 


Two 


Four Two 6-in. 


I-beams. 
Four 30-in. 


45-in. 


beams, 


Two 


Two 10-in. 

in. L’s. 

One 8}-in.pl 


Two j-in. 


Two 


2 
212 500 1883 
285 400 1896 
100 1879 
142 900 1886 
179 500 1893 
1896 
176 000 1896 
265 1893 
165 
175 000+-| Old 
spans 


Remarks. 


Skew bridge. Tested 


west span. 


Trestle approach west 
end. West span tested. 
East span tested. Trestle 
approach west 
Lower chord stiff. Trestle 
approach each end. 
Pony truss. 


Lower chord stiff. 


Pegram truss. East span 
bridge. 


Pegram truss. Second 
span from east end. 


Tested east one old 
spans third span 
bridge. 


end. 
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No. 3—( Continued). 


Ten-wheel engines. 


All experiments bridges Nos. and were made with special train which al- 
ways faced toward the east. 


Engine 454 ten-wheel engine. 
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No. 4—(Continued). 


No. was made end chord, all others chord near center. 


j 
n 
i 
97 |F. W.| 403 | 121 000) 57 | 28 10.41; O | 2 200) 0|......).. |... feces 
92 |L. W.| 687%] 182 000) 56 | 25 |0.89| 5 | 2400) 6 
04 ||P. E.| 411 | 119 150) 56 | 25 (0.87) 3 | 2 250) 4 
99 |F.W.| 403 | 121 000) 57 | 25 |0.41; 2 | 2300) 2 800} 2 | 3.5).... 
|F. W.| 403 | 121 000) 57 | 28 0.41) 6 | 2200) 2 800} 9 | 3.0 
95t|P. W.| 407 | 121 000) 56 | 31 |0.85) 3 | 1 800) 


Vibrations recorded for center diagonal were due vibration bar and not 


dge. 


Seven unrecorded tests speeds from miles per hour showed appreci- 


able vibrations. 


No. span. 


Six other tests speeds from miles per hour gave appreciable vibration. 


480 146 150 
Cars. 


Ten-wheel engine. 
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No. 


VN | 


“ae 


spunod 
spunod 
spunod 


STRESS 


DIAGONAL 


TION. 


800 


4 000) 12 


‘spunod 


‘ON 


145 
124 


Increase stress diagonal and hip due chiefly vibration the individual bars. 


East 


Eight other tests speeds from miles per hour showed appreciable vibra- 


tion. 


| q 
| | 
| 
2.2 
2.3 
2.6 
2.6 
2.6 
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TaBLE No. 4—(Continued). 


DEFLEC-| STRESS IN| STRESS IN| STRESS 


Eight other tests speeds from miles per hour showed very small vibration. 


170 600 


Five other tests speeds from per hour gave vibration. 


Ten other tests speeds from miles per hour gave appreciable vibration. 


All experiments bridges Nos. and were made with special train which 
always faced toward the east. Engine No. 454 ten-wheel engine. 
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No. 4—(Continued). 


DEFLEC-| STRESS IN| STRESS IN| STRESS 
TION. DIAGONAL Hip. 


n 


Percentage added 


No. experiment. 


per hour. 
inch. 
Percentage add 


inches. 
Mean 


train, miles 


per second. 


tender, pounds. 


Kind and direction 
No. engine. 
inches. 
vibration. 
Mean stress, 
pounds per 
vibration. 
Mean stress, 
pounds per 
vibration. 
Mean stress, 
pounds per 
square inch. 
Percentage added 
vibration. 


Bridge No. 


Diameter drivers, 


Weight engine and 
Vibrations per second. 
Revolutions drivers 


Percentage added 


Speed 


Seven-panel Pegram truss. Center chord member tested. 
169 


Engines 800 and 801 are ten-wheelers. 


No, 20—200- 
ft. span. 


400 


No. span, 

Wr 
WADMWWH WHOS 
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Six other tests spee from miles per hour vibration. 


169 
169 
169 
216 500! 
169 


169 


Two other tests speed miles per hour gave increase due vibration. 


169 500) 
213 000) 
169 
136 000 


| | 5 200) 
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span. 


No. 22.—147-ft. 


j 


+Due largely vibration bar. 
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ROAD BUILDING: 
INFORMAL DISCUSSION.* 


McCann, Am. Soc. (by letter).—During the sum- 
mer 1890 the writer was called upon take charge the repair- 
ing about miles telford and miles macadam roadsin North 
Hudson County, These roads ran through five different towns, 
which supplied the necessary crushed but the money 
pay for the labor was subscribed public-spirited citizens, one 
whom, Col. Stevens, purchased for the work 15-ton steam 

The widths the telford roads ranged from ft., and the 
width the macadam roads was ft. The former had been con- 
structed first-class manner thirteen years previous, but remained 
neglected the time the repairing, and were worn down 
the foundations; the latter were old, unscientifically constructed, 
stone roads very bad condition. 

The method repairing was follows: After the gutters, cul- 
verts and drains had been thoroughly cleaned out and graded, and 
the road surface cleaned mud and slush, two courses crushed 
trap stone, sufficient bring the surface grade, were applied 


Previous discussions this subject may found the number Proceedings 
for October, 1898. 


These communications were presented the meeting November 2d, 1898, 
has not been possible the oral discussions, presented that meeting for this 
number oceedings. They will printed subsequent number, together with 
any additional communications received, December 10th, 1898, which date the 
discussion the subject will close. also the intention republish all material 
Road Building thus collected, soon possible, Transactions, 
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the foundation. The first course consisted stone, over which 
was sprinkled selected dry loam; upon this was spread stone, 
and, after lavish use water supplied the Water Company 
without charge, the whole was rolled until the binding came the 
surface puddle. This was swept off, trap screenings were spread 
while the surface was still wet, and the road again thoroughly 
rolled, when was ready for use. These repairs were done longi- 
tudinally, taking half the width the road The 
sisted cart, watering wagon and the steam roller. The working 
gang was composed five men anda foreman. This force was en- 
gaged during four months expense about cents per square 
yard road. This, with the cost the stone furnished 
made total cost about cents per square yard. 

From the foregoing and similar experiences, the writer convinced 
that this method repairing preferable that continuous patch- 
ing spots. other words, would seem better allow 
road wear down few inches, and then repair whole. 

the use binder new roads, the writer agrees with Mr. 
Owen that this matter judgment, depending upon the locality, 
the kind stone used, the nature the traffic and the speed with 
which necessary complete the work. The writer’s experience 
with trap telford has been similar Mr. Harrison’s, e., that excel- 
lent roads can constructed without earth binder, but more time 
will required. 

One serious concern the engineer the construction roads 
over swamps and peat bogs. After considerable experience this 
line the writer has come the following conclusions: the line 
over soft, deep, wet and yielding swamp may the cheapest and 
best plan, provided timber handy, float the road raft made 
long poles; bottom course laid longitudinally, with broken 
joints, second course laid transversely and covered with brush. 
The grade line should the lowest permissible, and the filling free 
from deleterious matter, and the lightest obtainable, order re- 
duce the weight much possible. Side-ditching should not 
done along these roads, this destroys the sustaining power the 
peat; but drains should made considerable distance from the 
road. This also applies where embankments are constructed over 
swamps. 

filling over peat bogs, seldom happens that the embank- 
ment sinks the hard underlying bottom, and making preliminary 
estimates the amount filling necessary, very difficult 
determine the correct settlement. can only said that ordi- 
nary marshes not safe assume settlement less than ft. 
for each foot height above the surface the swamp for embank- 
ments whose grade lines are from ft. above the peat surface. 
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the writer stated his discussion The Compressibility 
Salt Marsh Under the Weight there constant 
relation between the depth the marsh hard bottom, and the 
height the fill above its surface. This relation largely dependent 
the nature the swamp material. Observing the sinking 
sounding rod, and taking hard bottom, will often aid 
forming judgment this matter. stated before, desirable 
constructing roads this kind, keep the grade line low 
possible. the road not used for railroad purposes, need 
not brought extreme high-water line over swamp where there 
are currents. The inconvenience the public from foot 
water the road during the short period occasional extreme 
high water may not such serious nature warrant the ex- 
pense filling above that line. The first macadam covering should 
the thinnest, there sure some settlement which can 
made good the addition stone from time time, finally mak- 
ing considerable thickness metal the road. Telford not 
recommended swamp roads. 

few years ago the writer constructed trolley road over 
some tidalswamp land. was double-track line, each track being 
laid the outer side old plank road. This old road had been 
made, many years before, laying 3-in. planks transversely the 
surface the meadow. The grade line was about ft. above the 
meadow, and about ft. below occasional extreme high tide. The 
depth the filling over the planks varied from ft., and the 
depth hard bottom was from ft. construc ing the 
trolley line was necessary widen the road either side about 
ft. beyond the ends the old planks, and excavate ft. for the 
subgrade. doing this, great care was taken not disturb cut 
the peat surface, which was more less firm, although places not 
firm enough for person walk upon without sinking nearly the 
knees. The filling was boiler-house cinders. 

The trolley road was operation over year before any resurfac- 
ing was necessary, and then the settlement was found fairly 
uniform along the track. About year this road submerged 
ins. the extreme high tide, thus making necessary, for few 
hours, draw the cars horses, the company having authority 
raise the grade. 

another embankment, built 1897, over tidal swamp the 
shores the Passaic River, settlement only ins. was found 
after the road had been subjected considerable heavy traffic for one 
year. This road ft. wide, with 40-ft. carriageway. The grade 
line incline, varying from ft. above the surface the 
marsh. The swamp was firm peat bog the elevation mean high 


Transactions, Am. Soc. E., Vol. xxxvii, 219. 
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water, but too soft for person walk upon without sinking nearly 
the knees. The depth hard bottom was ft. below the bog sur- 
face. Borings into the embankment disclosed the fact that the com- 
pression the marsh was nearly uniform; that say, the bottom 
the 24-ft. fill was only ft. lower than that the 8-ft. fill. The 
preliminary estimate was cu. yds. excess the quantity 
determined the cross-section borings. 


Esq. (by letter).—The writer had immediate 
charge the resurfacing Seventh Avenue, New York City, between 
One Hundred and Tenth and One Hundred and Forty-fifth Streets, 
the summer and fall area resurfaced was 675 sq. yds., 
and the average depth material was, approximately, ins. 

pick points the wheels the roller, but the surface, after 
cleaning scraping with stub wire brooms, was scored pitted 
hand labor with pickaxes, the pits being from apart. The 
old surface was satisfactorily compact condition, and the intention 
was retain nearly intact possible, and yet produce such 
roughness would effectually prevent the sliding the new material. 
the roadbed thus prepared the new material was spread the 
required depth, and the roller was passed over twice without the 
addition screenings water. Then the entire surface was covered 
with trap-rock screenings containing about 20% flour, and water 
was applied until the whole was thoroughly wet. The rolling was 
kept constantly during the wetting, and, with the addition more 
screenings, was continued until the new material was thoroughly con- 
solidated, and enough screenings had been forced fill all voids 
the coarse stone, and bring thin mortar the surface front the 
roller. Each block (80 ft. 220 ft.) after being puddled this man- 
ner was allowed dry out hours, and was then covered 
with coarse screenings the depth in., and opened traffic. 

estimate the time and cost per square yard, accounts were care- 
fully kept eleven out the thirty-five blocks, aggregating area 
908.3 sq. yds. The time roller work this area was 
hours, giving average 47.15 sq. yds. finished per hour, with ex- 
tremes 38.4 and 65.1 sq. yds. per hour, or, other words, the 
average time per 000 sq. yds. was 21.2 hours. 


The cost rolling per hour, allowing one-tenth the watchman’s 
time, was follows: 


Coal and oil..... 


$1.30, 2.765 cents per square yard. 
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The following amounts should added obtain the labor cost 


resurfacing: 
Scraping and 0.02000 
Picking old surface......... 0.01500 


about cents per square yard. 


The amount material paid for the contractors and placed 
the avenue was: 878 cu. yds. 2-in. trap rock, and 763 cu. yds. 
trap screenings. will noticed that the quantity trap delivered 
overruns the assumed quantity the road about 30%, or, other 
words, 3.9 ins. broken stone were spread the road, and 2.1 ins. 
screenings were added. There was opportunity for settlement 
this instance. The average thickness, however, may have been under- 
estimated, though the contractor did not expect put over ins. 
compacted material, plus in. screenings top dressing. 

The work was finished the latter part December, 1897. 
difficulty was experienced from the stone creeping front the roller, 
and part the road has any time broken up. Seventh Avenue, 
consequence the repaving Eighth Avenue and the delapidated 
pavement Lenox (or Sixth) avenue, has had unusual amount 
heavy traffic since the completion this work, and there also prob- 
ably more fast driving there than any other street road the 
world. 

expect adduce anything new upon this subject, but wishes offer 
suggestion two regarding the definitions terms used others 
the discussion. 

All agree that necessary, yet one has 
very clearly defined the term, described the means which 
secured. the impression conveyed that thorough drainage 
supplied when ditches conduits are provided which the 
rainfall conducted from the roadway, the idea will only cor- 
rect exceptional cases. general, the soil supporting under- 
lying the roadway must drained give the sustaining power 
carry the traffic. underlying level road becomes saturated, 
the soil water rises the level the roadway, macadam 
telford covering that can placed upon will sustain any consider- 
able traffic. The drainage, therefore, thorough and efficient, 
must lower the water level ft. more below the roadbed. 

Upon all gradients where the sub-soil not composed sand 
gravel, from which the ground water finds convenient exit, the plane 
the road will cut across lines planes pervious material, through 
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along which the water will reach the surface the ground beneath 
the stone covering the roadway, and destroy, not only the bearing 
power the soil, but also the cohesion the metal. these cur- 
rents not intercepted (and they are seldom visible during the con- 
struction the road), and the moisture conducted from them the 
side drains, the drainage will not thorough. Tile drains beneath 
the roadway are likely become broken clogged. The writer has 
found that trenches filled with porous material, such coarse sand, 
sandy gravel broken stone and sand, leading diagonally the side 
drains are more reliable, and cost less, than any other form sub- 
soil drain that has come his notice. The side drains described 
Mr. McClintock will generally efficient, but there are many 
localities where the diagonal subsoil drain, substitute for it, 
necessary. 

All clay soils that are support macadam telford roadways, 
after being properly drained and compacted rolling, should 
covered with layer coarse sand fine gravel, and frequent in- 
tervals this layer should extend to, and efficiently connected with, 
the side drains. well understand that the purpose this ma- 
terial form pervious stratum beneath the macadam, which will 
intercept the moisture escaping from the soil, and lead the side 
drains, rather than into the covering stone, where likely 
freeze and destroy the solidity the road covering. 

Upon any roadway covered with metal toa depth ins. more, 
obvious that the sole use the lower portion the metal 
distribute the weight upon the soil beneath it. follows, therefore, 
that the bottom first course stone can consist any convenient 
material that suited that purpose. the material limestone, 
must free from shale, for upon exposure weather that soon 
becomes clay, which the frost uses disintegrating element the 
roadway. sandstone, must have sufficient strength resist 
crushing, and prevent displacement the harder fragments 
stone overlying when they are acted upon the concussions and 
pressure the traffic. Whatever the material may be, evident 
that where economical doso, compact limestone, dense hard 
sandstone, inferior granite, gneiss, will serve for this part the 
road covering almost well the hardest trap rock. Whether 
placed the form telford pavement, broken into cubical frag- 
ments, the sides which measure not more than ins., will mat- 
ter little, the advantage will generally lie with that which becomes 
most compact under the roller, and can placed that form the 
least cost. Under the pressure the roller, the sand will forced 
into the spaces between the stones, while the sand omitted, those 
spaces will filled with clay, condition adverse drainage and 
conducive destruction the action frost. 
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The wearing surface should composed the most refractory 
material, obtainable reasonable cost, that can united into com- 
pact mass. The whin-stones, trap rocks, and the harder granites, 
are the most desirable, but the limestones are most widely distributed 
and generally available. valid reason can assigned for making 
this coat more than ins. thickness. The fragments compos- 
ing should not too small, then they are more easily displaced, 
and consequently wear more rapidly. All crevices between them 
should filled with finely crushed rock, thoroughly worked 
with steel brooms, while dry, and then wetted and rolled until the 
surface perfectly smooth and hard. clay other substance 
readily soluble water should used binder for any other 
purpose. very pleasant see the beautiful surface that can 
produced readily, during the summer and autumn months, 
rolling the clay loam with the crushed stone, but when the frost 
enters and not only picks the lock, but destroys the entire combina- 
tion, the results are very discouraging. sharp silicious sand 
sometimes necessary secure the necessary bond, and the early 
repairs the road probably the best material, sparingly ap- 
plied; but when dry affords considerable dust. When the road 
constructed limestone, the screenings should used without 
separating the dust from them, provided the stone was clean when 
went the crusher. Limestone screenings may used with whin- 
stone granite, with which they will readily form bond, and inas- 
muchas the crushing the harder stones seldom affords sufficient fine 
material for completing the roadway, their use binder quite 
common, and generally satisfactory. form, the fragments consti- 
tuting the wearing surface should nearly cubical can ob- 
tained from crushers, and size, they should not exceed ins. 
less than ins. 

new road, the most troublesome factor the steel-clad hoof 
the roadster when traveling high speed, the blow which 
strikes likely loosen fragments rock, and species ravel- 
ing out follows, the defect not remedied. better remedy 
known the writer than keep the surface lightly covered with 
screenings, and have trusty man with proper tools make frequent re- 
pairs the incipient damages until they cease appear. 

The form given the roadway should such cause 
the travel distributed over its entire surface. The high crown 
will cause the traffic follow the center the roadway. sensible 
horse will travel upon side hill when easily the top 
it. The low flat curve will retain water upon its surface, and 
will generally distribute the traffic effectually. There sensible 
method maintaining roadways, other than that constant inspec- 
tion and repairs. road can said proper repair when 
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thickly covered with dust mud, that cleaning and repairing 
should not separated. 

When the telford bottom course broken stone omitted, and 
the soil smoothed, drained and compacted, and has thin layer 
broken stone gravel rolled directly into it, becomes the thin road 
interestingly described Mr. Travell. Plainly, this form road 
adapted the lanes and byways the country, and the cost places 
within the reach the farmer, but its construction, and particularly 
its maintenance, requires appliances and skill which are not commonly 
used the work done country roads. Millions dollars are an- 
nually expended the United States building and maintaining 
macadam and gravel streets and roads, but the methods used are 
way similar those described this discussion, and the results are 


not beneficial they might be, were the work done under skilled 
supervision. 
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MINUTES MEETINGS. 


THE SOCIETY. 


December 7th, 1898.—The meeting was called order 20.40 
o’clock, Croes, Am. E., the chair; Charles 


Warren Hunt, Secretary, and present, also, members and 
guests. 


The minutes the meetings November and 16th were ap- 
proved printed Proceedings for November, 1898. 


paper Turneaure, Assoc. Am. Soc. E., entitled 
Experiments Bridges Under Moving Train-Loads,” was 
presented the Secretary, and was discussed Messrs. George 
Thomson, Seaman, Kennard Thomson and Bernt Berger. 
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Ballots were canvassed, and the following candidates declared 
elected: 


MEMBERS. 


FREDERICK WINN Sapulpa, Ind. 
Pittsburg, Pa. 
ALFRED Baltimore, Md. 
FREDERIC Kunz, Pencoyd, Pa. 


MEMBERS. 


Irvine Harrisburg, Pa. 
Jay South McAlester, Ind. 

Kinsey, New York City. 

Asa Emory Washington, 
Harvey Eggleston, Va. 


The Secretary announced the election the Board Direction, 
December 6th, 1898, the following candidates: 


ASSOCIATES. 


Woopman Durango City, Mex. 
New York City. 


JUNIORS. 


ALEXANDER Farmer, Brooklyn, 
ANDREW Boston, Mass. 


The Secretary announced the death 
elected Member September 2d, 1885; died November 13th, 1898. 
Frank Doran, elected Member September 5th, 1883; died October 
15th, 1898. James Francis, elected Member January 4th, 1893; died 
December 1898. elected Member September 5th, 
1877; died October 31st, 1898. 


The Secretary announced that Maxim, Am. Soe. E., 
would deliver illustrated lecture the House the Society 
Wednesday, December 14th, 1898, o’clock, which his experi- 
ments concerning artificial flight would described, and the evolu- 
tion the automatic gun illustrated. 
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December 14th, 1898. Special Clarke, Past-Presi- 
dent, Am. Soc. E., the chair; Chas. Warren Hunt, Secretary, 
before large audience, including many ladies. Maxim, 
Am. Soc. E., delivered illustrated lecture, first, his 
laboratory, apparatus and experiments conducted for the purpose 
ascertaining the amount power required for artificial flight. 


The evolution the rapid-fire gun was then traced and various 
types described. The gun shops and ship-yard his company were 
also described. The lecture was very fully illustrated stereopticon 
views, and concluded with exhibition rapid firing with 
gun and blank ammunition. 


vote thanks Mr. Maxim for his interesting lecture was passed 
unanimously. 


December 21st, meeting was called order 20.40 
o’clock, George Tillson, Am. E., the chair Charles 
Warren Hunt, Secretary, and present, also, members and 
visitors. 

informal discussion Building Laws” was opened 
William Burr, Am. Soc. The subject was discussed 
further Messrs. George Blakeley, George Post, John 
O’Rourke, George Hill, Breithaupt, George Just, Lewin- 
son, Oscar Lowinson, Lesley, Parsons and John Wait. 


The Secretary made several announcements reference the 
Annual Meeting. 


Adjourned o’clock. 


THE BOARD DIRECTION. 


December 6th, Alphonse Fteley the chair, 
Chas. Warren Hunt, Secretary, and present, also, Messrs. Just, Mori- 
son, North and Owen. 

The President was requested appoint Committee Arrange- 
ments for the Annual Meeting. 

Resignations Baehr, Jun. Am. Soc. E., and Waldo 
Briggs, Jun. Am. Soc. E., were accepted. 

Two Associates and three Juniors were elected (see page 190). 


Applications were considered and other routine business trans- 
acted. 


Adjourned. 
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192 REPORT THE COMMITTEE TESTS 


REPORT THE COMMITTEE THE PROPER MANIPULA- 
TION TESTS CEMENT. 


(To presented the Annual Meeting.) 


The Committee not this time prepared make any recom- 
mendations, but submits the following brief statement for the infor- 
mation members the Society. 

the meeting the Committee held November, 1897, was 
decided that the work done could follows, 
namely, first, issue circular and obtain expression opinion 
from members the Society second, collate all the available in- 
formation the subject assigned the Committee third, the 
light the information thus obtained decide upon and carry out 
such experiments might necessary throw further light upon 
the question. 

somewhat voluminous circular was prepared and distributed 
January, 1898. number replies were received, some treating 
the subject much detail. These replies have been digested and 
tabulated, and now the hands each member the 
Committee. Some the members the Committee have also been 


devoting what time they could spare the collating general in- 
formation from various periodicals and Proceedings Societies. 
hoped that the light this information, the Committee will soon 


able hold another meeting and decide upon further investiga- 
tions. 


The Committee regrets that not able report more definite 
progress, but the members the Society will doubtless recognize the 
fact that steps should hastily taken, but, the contrary, that 
ample time should allowed for investigating the subject with 
thoroughness. 

Signed for the Committee, 


Chairman. 
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ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House and Library the Society are open every day from 


except Sundays, when the hours are from 


= 


MEETINGS. 


Wednesday, January 4th, 1899.—At 20.30 o’clock, regular meet- 
ing will held, which paper Julius Kahn, Jun. Am. Soe. 
E., entitled Coal Hoists the Calumet and Hecla Mining Com- 
pany,” will presented. printed this number Proceedings. 


ANNUAL MEETING. 


Wednesday and Thursday, January 18th-19th, 1899, the forty- 
sixth Annual Meeting the Society will held. The Business 
Meeting will called order o’clock Wednesday morning, 


when the annual reports will read, officers for the ensuing year 
elected and other business transacted. 


Messrs. Bensel, Freeman and Chas. Warren Hunt have 
been appointed special Committee Arrangements, and are now 
preparing programme detail. 

There will reception either Wednesday Thursday even- 
ing, and probable that, accordance with the usual custom, the 
second day the meeting will devoted excursion some 


point interest. Ladies the families members will welcome 
the excursion and the reception. 


DISCUSSIONS. 


Discussion the paper Henry Seaman, Am. E., 

entitled Launhardt Formula, and Railroad Bridge Specifica- 
tions,” which was presented the meeting November 16th, 1898, 
will closed January 1899. 
Discussion the paper Turneaure, Assoc. Am. E., 
entitled Experiments Bridges Under Moving 


which was presented the meeting December 7th, 1898, will 
closed January 15th, 1899. 


7 
7 ? | 
| 
q a 
4 
i 
7 
7 
7 j 
i 
} 


194 LIST MEMBERS—ADDITIONS. 


LIST MEMBERS. 


ADDITIONS. 


MEMBERS. 

Grange, Assoc. 

FRENCH, JAMES Place Jun. 
Brooklyn, Assoc. 

SEDDON, JAMES ALEXANDER........ 1515 Locust St., St. Louis, 

ASSOCIATE MEMBERS. 

Barnes, GRANT......... Valleyfield, Quebec, Can.. 

........... Care Penna. Steel Co., 
So. 13th St., Harrisburg, 

GEORGE County and 


Bridge Master, Port- 
land Square, Carlisle, 
Queensland, 
Asst. Engr., Metropolitan 
Water Mt. 


Imp. and Dept. High- 


ways, 2255 Bathgate Ave., 
New York City......... 
St. Paul 
Ry., 1100 
Old Colony 
Bldg.,Chi- 
cago, 


[Society 


Date 
Membership. 


April 1889 
Feb. 1892 
Nov. 1898 
Feb. 1889 
Feb. 1894 
Nov. 1898 
May 1895 
Oct. 1898 


bo 


for) 
2 


Nov. 1898 


Nov. 1898 


Dec. 1898 


Nov. 1898 


June 1898 


Dec 1898 


Nov. 1898 


Apr, 30, 1895 
Oct. 1898 


SHA 


Tur 


Bra 
Bon 
Bro 
Bur 
Dav 
Fow 
Lyn 
Mar 
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Membership. 
Pittsburg 


Bridge Jun. Oct. 1893 

Co., Assoc. June 1898 


burg, Pa.. 
Turner, Idaho St., Butte, 


ASSOCIATES. 


PEVERLEY, 


and Cement Co., 156 
Fifth Ave., New York 


CHANGES AND CORRECTIONS. 


MEMBERS, 


Bonzano, Man., Chattanooga Southern 
Chattanooga, Tenn. 

Brown, 217 State St., Mankato, Minn. 

Engrs., Office the Chief Engineers, 
Washington, 


ways, Valleyfield, Quebec, Canada. 

2816 Campbell St., Kansas City, Mo. 

CHARLES 1026 36th St., Los Angeles, Cal. 

..Eng., Bridge Co., 263 Yamhill St., 
Portland, Ore. 

CHARLES New Broad St., London, C., Eng- 
land. 

JAMES Pres., and Chf. Eng., Martic Water and 
Power Co., Wrightsville, Pa. 

LEVERIDGE........ Major, Corps Engrs., A., Eng. Sec- 
retary, Light House Board, Washington, 

JACKMAN, 1529 Adams St., Chicago, 

JAQUES, Clarendon St., Boston, Mass. 

LEHANE.......... Fort Worth, Texas. 

Frank Supt. Dredging, Miss. River Comm., Box 


217, Memphis, Tenn. 
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Epwarp DANIEL........... Eng.-in-Chief, Diesel Motor Co., No. 
Broadway, New York City. 

Care Lewis Kingman, Chf. Eng., Mexi- 
can Central Ry., City Mexico, Mexico. 

FRANKLIN 712 Sutter St., San Francisco, Cal. 

CHARLES WALKER....... Lt.-Col., Corps Eng., A., Box 
812, Witherspoon Bldg., Philadelphia, 
Pa. 

ALFRED FRANCIS.......... 393 Claremont Ave., Brooklyn, 

CHARLES RUSSELL.......... Col., Corps Eng., A., Room 124, 
Bldg., Box 5346, Boston, Mass. 

Van Horne, JOHN GARRET......... Broadway, New York City. 

Warp, Ward, 702 St. Nicholas Ave., 


New York City. 


ASSOCIATE MEMBERS. 


Davis, CARLETON EMERSON......... Emerson St., Brookline, 
ALFRED 120 Broadway, New York City. 
Van LANE........... Maj., Vol. Eng., Macon, Ga. 
ASSOCIATE. 
CHARLES No. West St., New York City. 
JUNIORS. 
AURYANSEN, FREDERICK... ........ 144 Rochelle Ave., Wissahickon, Philadel- 
phia, Pa. 
ALTRED 1512 Capitol St., Washington, 
2614 Rio Grande St., Austin, Texas. 
ANDREW...... Eng. for Comm. Texas, Austin, 
Texas. 
Jr., 47th St., New York City. 
DEATHS. 


THomas Member Sept. 2d, 1885; died Nov. 
13th, 1898. 


Elected Member Sept. 5th, 1883; died Oct. 
15th, 1898. 

Francis, JAMES..... Member Jan. 4th, 1893; died Dec. 
1st, 1898. 


1898. 
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ADDITIONS 


LIBRARY AND MUSEUM. 


From Campbell Adams, Albany, Y.: 

Statement relative the Report the 

Canal Investigating Commission 
made the Governor. 


From the Alabama Geological Survey: 
Iron Making Alabama; William 
Battle Phillips. 
From the Alaska Treadwell Gold Mining 
Company: 
Superintendent’s Report, Balance 
Sheet and Profit and Loss Account 
for the year ending May, 1898. 
From the American Institute Electrical 
Engineers: 
Catalogue Members; revised Feb- 
ruary Ist, 1898. 


From the American Institute Mining 
Engineers: 
Members, Rules; August, 
From the American Insulating Material 
Manufacturing Compan 


The Uses Rock Wool and 
Its Products. 


From the American Lake Superior Power 
Company, Sault Ste. Marie: 

Fifth and Sixth Set Specifications, 
covering construction coffer-dam, 
pumping plant, 1898. 

Six Specitications Work for the 
Company. 

Seventh Set Specifications; and in- 
structions intending bidders. 


From the American Society for the Pre- 
vention Cruelty Animals: 

Animal September, 
1897, August, 1898, Vol. XXV 
From the American Society Civil Engi- 

neers: 

Transactions, Vol. June, 1898. 

From the American Society Mechanical 
Engineers: 
Protection Steam Heated Surfaces. 
Norton. 

Hanging and Setting the Horizontal 
Fire Tube Boiler. Woolson. 

What the Heating Surface 
Steam Boiler? Baker. 

Relations Between the Purchaser, the 
Engineer, and the Manufacturer. 
Bryan. 

One Hundred Years Ginning and 
Baling Cotton. Lowry. 

Patents. See. 

Cast-Iron Cylinders. 

Benjamin. 

Graphic Diagrams and Glyptic Models. 
Thurston. 

Notes the Carbon-Contents 
Piston-Rods Affecting Their En- 
durance under Fatigue. John- 
son, Jr. 

Bending Tests Locomotive Stay- 
Bolts. Col 

Extension the Uniform 
Methods Conducting and Report- 


ing Steam Engine Tests. Bryan 


Donxin. 
Plea for Standard Method Con- 
ducting Engine Tests. Barrus. 
Nineteenth Catalogue, Ed. Officers, 
Members and Rules; July 
Two copies. 


Officers, Members and Rules; January 
Ist, 1898. 


From the American Water Works Asso- 
ciation: 
Five copies Legal Decisions, com- 
piled Peter Milne. 


From the American Wheelock Engine 
Company, Worcester, Mass.: 
Trade catalogue. 


From the Amsterdamsche Fabriek van 
Cementijzer Werken: 
Photographs the constructions ex- 
ecuted the company. 
Onderzoek naar Theorie der Beton 
Cementijzer Constructién. 1898. 


From Asociacion Ingenieros Arqui- 
tectos Mexico: 
Anales. Tomo 1897. 


From the Atchison, Topeka and Santa 
Railway Compan 


Third Annual Report, 1898. 
From the Australasian Institute Mining 
Engineers: 
Proceedings the Annual Meeting 


the First Ordinary Meeting 
1898, 


Transactions, Vol. 1898. 


From George Bailey, Albany, Y.: 
Report the Water Commissioners 
Albany for 1859, 1862, 1871 1874, 
1881, 1883 1888, 1882, and 1894. 
From Ira Baker, Champaign, 
Technograph. 1597-98. 
From Lindon Bates, Chicago, 
High-Powered Dredges and their Re- 
lation Sea and Inland Navigation; 
Report the International 
Congress Navigation, Brussels, 
1898. 
From Onward Bates, Chicago, 
ings: Lecture before the College 
Mechanics and Engineering, Uni- 
versity Wisconsin. 
American Railway Bridges and Build- 
ings. 
From Walter Berg, New York: 
the District Colum- 


Report the Income Ac- 


count Railways the United 
States, 

Statistics Railways United 
States, 1896 


Report the Operations the En- 


Department the District 
1897. 
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From Benzenberg, Milwaukee: 
Annual Report the Board Public 
Works, 1897. 
From Frank Black, Albany, Y.: 
Report the Commission upon the 
Erie, Champlain and Oswego Canals. 
Report the Advisory and Consulting 
Engineers, made the Commission. 
the Board Public Works, Duluth, 
Minn.: 
Eleventh Annual Report, 1898. 
Annual Message the Mayor, 1898. 
From the Boston Society Civil Engi- 
neers: 
Constitution and List 
Members, May, 1898. 
From George Bowers, City Engineer, 
Lowell, 
Twenty-fifth Annual Report the 
Lowell Water Board. 
From the Bucyrus Company, South Mil- 
waukee, Wis.: 
Trade Catalogue, 1898. 
From Burger and Adams, New York: 
Patents, Trade-Marks and Copyrights. 
From the California Academy Sciences: 
Proceedings, Series. Vol.1. No.4. 
From the Canadian Institute: 
Supplement the Transactions, No. 
From Carpenter, Fort Collins, Colo.: 
Losses from Canals from Filtration 
Seepage. 

Loss Water from Reservoirs 
Seepage and Evaporation, 1898. 
From William Carson, Knoxville, 

Tenn.: 
University Tennessee Record— 
Commencement, 1898. 


From the Chemnitz District the German 
Society Engineers: 
Festschrift zur Hauptversammlung 
des Vereines Deutscher Ingenieure, 
1898. 


From George Earl Church, London: 

Argentine Geography and the Ancient 
Pampean Sea: Address the 
Geographical Section the British 
Association for the Advancement 
Science, 1898. 

From Cisneros: 

Mechanical Pocket-Book, 

Civil Engineer’s Pocket-Book, 1896. 
John Trautwine. 

Mechanical Pocket-Book, 
1895. William Kent. 

Pocket-Book Mechanics and Engi- 
neering, 1885. By John W. Nystrom. 

Field Engineering, 1883. William 
Searles. 

Railroad Engineers’ Field-Book and 
Explorers’ Guide, 1890. 
Godwin, 

Working and Management Eng- 
lish Railway, 1891. George Find- 


lay. 

Handbook for Mechanical Engineers, 
1893. Henry 

Chemins Fer Crémaillére. 1892. 
Levy-Lambert. 

From the Citizens’ Municipal Association 
Philadelphia: 
Twelfth Annual Report, 1898. 


[Society 


From the City Street Improvement Com- 
pany, San Francisco, Cal.: 
Catalogue. 


Civil Engineers’ Club Cleve- 
and: 
Bulletin No. Announcement, Report 
July Meeting, 1898. 


From the Collegio degli Ingegneri degli 
Architetti Palermo: 
Atti del Collegio degli Ingegneri degli 
Agosto-Dicembre, 1897. 


Francis Collingwood, Elizabeth, 


the Special Committee 
Sewers, Elizabeth, 


the Colorado State Agricultural Col- 

ege: 

Bulletin No. 45, Loss Waters from 
Reservoirs Seepage and Evapora- 
tion. 

Bulletin No. 46. Soil Study. 

Bulletin No. 47, Colorado’s Worst In- 
sect Pests and their Remedies. 

Bulletin No. 48, Losses from Canals 
from Filtration Seepage. 

Bulletin No. 49, Meteorology 1897. 

From Cornell University Library: 

Ten-Year Book Cornell University, 
Vol. 1868-98. 

Report for 1895-96 and 
1896-97. 

Annual Report the President, 
1897-98. 

Generation Cornell, 1868-98; the 
Address the Thirtieth Annual 
Commencement the President 
the University. 

From Corthell, New York: 

Maritime Commerce, Past, Present, 
Future. 


From the Denison Manufacturing Com- 


any: 

Catalogue School and 
Library Necessities and Conveni- 
ences. 

From William Dunlop: 

Advantages the New Method Pro- 
pelling Canal Boats Suspension 
Cables, August Schausten. 

From Dyckerhoff and Séhne, 

Germany: 

Protokole der Verhandlungen des 
Vereins Deutscher Portland-Cement 
Fabrikanten und der Sektion fir 
Cement des Deutschen Vereins fiir 
Fabrikation von Thon- 
waaren, Kalk, und Cement, 
und Februar, 1898. 

From the Engineer, London: 

Review the Japanese Patent, De- 
signs and Trade-Marks Law. Sil- 
ver Hall. 


From the Engineers’ Club Philadelphia: 
Directory the Engineers’ Club 
Philadelphia, Charter and By-Laws. 


Equitable Distribution the Waters 
the Rio Grande. 
From Charles Evan Fowler, Youngstown, 
O. 
Coffer-Dam Process for Piers: Practi- 
Examples from Actual Work, 
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From James Fuertes, New York: 
Present European Practice the Dis- 
Wastes Large Cities. 
Water Supplies from Stand- 
point. 


From Jacob Gallinger, New Hampshire: 
Speeches, American Tariffs from Ply- 

mouth Rock McKinley. 

From the Glens Falls Portland Cement 

Company: 

Remarks about Portland Cement, 
Maclay. Three copies. 

From the Goulds Manufacturing Com- 

pany: 

Partial Catalogue Triplex 
Electric Power Pumps. Two copies. 

From Griffin Machine Works, Buf- 

falo, Y.: 

Tests Car Wheels Special Quality 
Manufactured the New York Car 
Wheel Works, Buffalo, 

Comparative Test Axles Stan- 
dard and Special Qualities, 1898. 

From Vernon-Harcourt, London: 
Formulary the Characteristic Par- 

ticulars about Tidal River. 

From Kendrick Hatt, Purdue Univer- 

sity, Lafayette, Ind.: 

Behavior Wrought-Iron Cylinders 
under Compression. 

Chalkley Hatton, Wilmington, 

Jel.: 

Eleventh Annual Statement the 
Board Directors the Street and 
Sewer Department Wilmington, 
Del., for the fiscal year ending Janu- 
ary 31st, 1898. 

From Rudolph Hering, New York: 
Dilution Process Sewage Disposal. 
Bacterial Processes Sewage Purifi- 

cation. 

From John Cincinnati, 
Relation Water Typhoid Fever; 

Lecture. 1898. 

From William Hill, Syracuse, Y.: 

Ninth Annual Report the Syracuse 
Water Board. 1898. 

Some the Early Methods Collect- 
ing, Storing, and Distributing Water. 

From Hinckley, Topeka, Kansas: 
Journal the Worcester Polytechnic 

Institute. Vol. No. 
From the Hunt Company, New 
York: 

The Hunt Automatic Railway. 

The Hunt Cable Railway for Handling 
Coal and Merchandise. 

From the Indian Government: 
Administration Report the Rail- 

ways India for 1897-98. 

From the Institution Civil Engineers: 

Charter, Supplemental Charter, By- 
Laws and Lists Members, October 
1st, 1898. 

List Members. July 1898, 

Minutes Proceedings. Vols. 
and CXXXIII, 133. 1897-98. 
and 

Report Committee the Thermal 
Efficiency Steam Engines. 

From the Institution Engineers and 

Shipbuilders Scotland: 

Transactions, 1897-98. Vol. XLI. 


From the Institution Mechanical Engi- 
neers: 


Proceedings, February and April, 1898. 


the Iron and Steel Institute, Lon- 
don: 


Journal and Name Index. Vols. I-L. 
1869-96, 

Journal, 

Rules and Lists Members. 1898. 


From Francis Johnson, Cape Town 
South Africa: 
Light Railways. 
Stresses Girder and Roof Trusses. 
Survey the Manmad-Dhulia Rail- 
way, India. 


From Johnson, St. Louis. Mo.: 
Address before the Society for the 


Promotion Engineering Educa- 
tion. 


From John Kennedy, Montreal, Canada: 
Annual Reports the Harbor Com- 
missioners Montreal for 1897. 
From Kingsley, Cleveland, O.: 
Annual Report the Water-Works Di- 
vision the Department Public 
Works Cleveland for the year end- 
ing December 1897. 
From Technische Hochschule. 
Aachen: 
Programm fiir das Studienjahr, 1898- 
1899. 
Die des Rektorates 
ersten Juli, 1898. 
From the Technische Hoch- 
schule Berlin: 
Programm fiir das Studienjahr, 1898-99. 
From the Technische Hoch- 
Hanover, Germany: 
Programm fiir das Studienjahr, 1898- 
99. 


From the Knowles Steam Pump Works: 
General Catalogue, 1898. 
From Kuichling, Rochester, Y.: 
Twenty-second Annual Report the 
Executive Board the City 
Rochester, 1898. 
From the Lake Mohonk Conference 
International Arbitration: 
Report the Fourth Annual Meeting, 
1898. 


From the Lake Shore and Michigan South- 
ern Railway Company: 
Twenty-eighth Annual Report, 1897. 
Report the Board Directors 
the Michigan Central Railroad Com- 
pany for the year ending December 
31st, 1897. 
From Trevor Leutzé, Albany, 
Report the New York Railroad Com- 
missioners, Vol., 1894. 
Linden and Elmer Cor- 
thell: 
Photograph: Bern. 
From the Liverpool Engineering Society: 
Transactions, Vol. XIX, 1898. 

From Thomas Long, New York: 
Treatise Highway Construction. 
From the Louisiana Board State Engi- 

neers: 


Report from April 20th, 1896, April 
20th, 1898. 
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From Lottering, Pretoria, South 
African Republic: 

Staat van Op- 
brengst der Publieke Delverijen 
Zuid-Afrik. Republiek over 
eerste tweede kwartalen 1897 
1898. Opgemaakt uit Ten Mijnen 
Kantore Ingekomen 


From the Lunkenheimer Company, Cin- 
cinnati, O.: 


Illustrated Catalogue and Price List. 


From the MacMillan Company, New York: 
Matter, Energy, Force and Work. 
Silas Holman, 1898. 


From McGill College and University: 
Calendar: Examination Papers, 
98. 


From the McGill University: 
Announcement the Faculty Ap- 
plied Science for the Session 1898-99. 


Alexander Rice McKim, New York 
ity: 
Les Chemins Fer Amérique. 
Lavoinne and Pontzen. 
des Eisenbahn-Maschinen- 
baues. Georg Meyer. 
Roadmaster’s Assistant and Section- 
master’s Guide. Hunting- 


ton. 
Erweiterungsbauten 
tiner Eisenbahn Ausgefiihrt 1864-69. 
Theodor Stein. 
Vortriige Statik der Baukon- 
struktionen. Winkler. 
From the Manchester Steam Users’ Asso- 
ciation: 
Memorandum Chief Engineer, Pre- 
sented the Annual Meeting, 1898. 
From Marsden Manson, Sacramento: 
Laws Climatic Evolution. 


From Perry Mason and 
Arthur Henry Hallem. Gladstone. 


Companion for May and June, 


From the Massachusetts Bureau Sta- 
tistics Labor: 

Twenty-eighth Annual Report the 
Bureau. 

Annual Statistics 
Twelfth Report. 

From the Massachusetts State Board 
Health: 
Twenty-ninth Annual Report, 1898. 
the Master Car Builders’ Associa- 
ion: 

Report the Proceedings the 
Thirty-second Annual Convention, 
held Saratoga, June, 1898. 

From Mansfield Merriman, South Beth- 
lehem, Pa.: 

Slate Regions Pennsylvania. 

Course Civil Engineering the 
Lehigh University, 1898. 

From the Michigan College Mines: 

Catalogue, 

From the Midland Institute Mining, Civil 
and Mechanical Engineers: 

Proceedings for November. 1896. 

Index Transactions for 1894-97. 

From Mullins, Salem, O.: 


Trade Catalogue. Stamped Sheet 
Metal Boats. 1898. 


[Society 


From the New England Cotton Manufac- 
turers’ Association: 
Transactions, No. 64. Annual Meeting. 
1898. 


From the New York Central and Hudson 
River Railroad Company: 
Twenty-ninth Report the 
Board Directors. 1898. 
From the New York Dredging Company: 
lllustrated Catalogue. 
From the New York State Board 
Health: 
Seventeenth Annual Report, with Ap- 
pendix. 
From the New York State Weather 
Bureau: 
Eighth Annual Report. 1896. 


From Nicholson, Cincinnati: 
History the Ohio Canals. 


From the Niles Tool Works Company: 
General Machinery Catalogue. 


From Edward North, New York: 
Report the Consulting and Advisory 
Engineers the New York Canal 
Investigating Commission. 1898. 
Report the Superin- 
Public Works Canals. 
1896. 


From the North-East Coast Institution 
Engineers and Shipbuilders: 
Transactions. Vol. XIV. 1897-98. 


From Daniel O’Leary, New York: 
Twelfth Annual Report the Factory 
the State New York. 


From the Ottawa Literary and Scientific 
Society: 
Transactions, 1897-98. No. 
From Mrs. Palmer, New York: 
Inebriety: its Prevention and 
Cure, Charles Follen Palmer. 
From the Philadelphia Commercial Mu- 
seum: 
The Republic Costa Rica. 
Gustavo Niederlein. 
From the Philosophical Society Glas- 
gow: 
Proceedings. Vol. XXIX. 1897-98. 
From Ernest Pontzen, Paris: 
Construction Exploitation. 
1898. 
From and Poor, New York: 
Poor’s Manual Railroads. 1898. 


From the Port Jervis, Monticello, and New 
York Railroad Company: 
Guide-book the country which 
traversed the Port Jervis, Monti- 
cello and New York Railroad. 


From Alexander Potter, New York City: 

Report the Design and Apportion- 
ment Cost Joint Tide-Water 
Sewer for the Municipalities 
Newark, South Orange, Vailsburg, 
Irvington, and the Townships 
West Orange, Millburn, and South 
Orange. New Jersey. 


From the Pratt Institute Free Library: 
for the year ending June 30, 


From the Proprietors Locks and Canals 
Merrimack River: 
Test Fire System; made 1897. 
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From the Public Works Department, Gov- 
ernment Madras: 

Classified Listand Distribution Return 
Establishment, 1898. 

From Queen Co., Philadelphia: 
Catalogue engineering instruments 

and materials, 1898. 

From Raddi, Chiavari, Italy: 

Stato Attuale della Spiaggia Ligure 


Chiavari Mezzi per Sua 
Difesa. 


From the Railway Commissioners, New 
South Wales: 

Annual Report for the year ending 
June 30th, 1898. 

From Charles Renson, Utrecht, Holland: 

Rapport sur les Essais Comparatifs 

raverses Métalliques faits 1881 
1898 sur Reseau Liegeois-Limbour- 
geois Compagnie des Chemins 
Fer Néerlandais, 1898. 

Report the Board General Man- 
agers the Exhibit the State 

York the World’s Columbian 
Exposition. 

the Matter the Hearing rela- 
tion Greater New 
held before the Sub-Committee the 
Joint Committee the Affairs 
Cities, transmitted the Legislature 
February 25th, 1896. 

From Roberts, Ithaca, Y.: 

Bulletins, 109-148 the Cornell Uni- 
versity Agricultural Experiment 
Station; Set Teachers’ 

From the Royal Society Canada: 


Proceedings and Transactions. Ser. 
Vol. 1897. 


the Royal Society New South 
and Proceedings, Vol. 


From Rust, Toronto, Canada: 
Annual Report the City Engineer 
Toronto for 1897. 
Report the Sewage Disposal the 
City Toronto. 
From the San Francisco Bridge Company 
and New York Dredging Company: 
Trade Catalogue, 1898. 


From the Scuola Applicazione per 
Ingegneri, Naples, 

Ingegneri Napoli; Pubblicazione 
deliberata dal Consiglio Direttivo 
occasione della Esposizione Nazionale 
Torino. 

From the Select and Common Councils 
the City Philadelphia: 

Message the Mayor and Re- 
ports Departments, 1897. vols. 

From Smith, Buffalo, Y.: 

Railway and Shipping World for 
March, 1898, containing article the 
Victoria Jubilee Bridge, and also two 
photographs the bridge. 

From the Smithsonian Institution: 

Titles and Pages 1017 1247 that com- 
plete Parts and the Catalogue 
and Technical Periodi- 
cals. 


From the Societa degli Ingegneri degli 
Architetti Italiani: 


Catalogo della Biblioteca. 


From Société des Ingénieurs Civils 
France: 


Annuaire 1898. 


From the Society Naval Architects and 
Marine Engineers: 
Names Officers and Members, 1898. 


From Frederic Stearns, Boston: 
Third Annual Report the Metropoli- 
tan Water Board, 1898. 


From the Thomson Electric Welding Com- 
pany, Lynn, Mass.: 
Trade Catalogue. 


From Tripp, Rockland, Me.: 
Forty fourth Annual Report the 
City Rockland, 1898. 


From the Civil Service Commission: 

Fourteenth Report, 1896-97. 

From Chief Engineers: 

Twenty-eight and Communi- 
cations, the Surveys and 
Certain Rivers, and 

ertain Appropriations Recommen- 
ded Congress. 

Seventy-two copies Specifications 
for various kinds work done 
under the direction the Chief 
Engineers. 

From the Chief Ordnance: 

Photo-Velocimeter and Its Application 
the Free Recoil Smail Firearm 
Rifles. Dunn. 

From the Commissioner Educa- 
tion: 

Report for the year, 1896-97. Vol. 

From the Department Agricul- 
ture—Division Forestry: 

Progress Timber Physics. 

From the Department the Inte- 
rior: 

the Eleventh Census, 
1890. Parts and 

Report Vital and Social Statistics 
the United States the Eleventh 
Census, 1890. Part Analysis and 
Rate Tables. 

Statistical Atlas the United States. 
Based upon the Results the Elev- 
enth Census. Henry Gannett. 

Water-Supply and Irrigation Papers 
the United States Geological Sur- 
vey. Nos. and 16. 

From the Department State: 

Cours Travaux Maritimes. 
Baron Quinette Rochemont and 
Henry Desprez. Parts and 

From the Geological Survey: 

Bulletins, Nos. 88, 89, 149. 

Monograph Fossil Meduse. 

Geological Atlas the United States. 
Folios 37. 

Water Supply and Irrigation Papers. 
Nos. and 18. 

From the Navy Department: 
Report the Surgeon-General, 
avy, 
From the Patent Office: 

Annual Report the Commissioner 
Patents for the year 1897. 

From the Treasury Department: 

Report made the Bureau Statis- 
tics, George Tunell Chi- 
cago, Lake Commerce. 
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From the University Kansas: 
Kansas University Quarterly, April, 
1898. 
University the State New 
ork: 
Extension bulletin No. 24, Li- 
braries. 
No. 25, 


Extension bulletin 
Schools. 

One Hundred and Eleventh Annual 
Report the Regents the Uni- 
the State New York, 
1897. 

Fifth Annual Report, the Examina- 
tion Department. 1897. 

Public Libraries Annual Report, 1897; 
including Statistics New York 
Libraries. 

From Wadsworth, Houghton, Mich.: 

Michigan College Mines. 
Some Statistics Engineering Educa- 


Summer 


tion. 

the President the Michi- 
gan Mining for 1896. 

Elective System 
Schools. 

Elective System Engineering Col- 


eges. 

Some Methods Determining the 
Positive Negative Character 
Mineral Plates Converging Polar- 
ized Light with the Petrographical 
Microscope. 

Origin and Mode Occurrence the 
Lake Superior Copper-Deposits. 

Sketch the Geology the Mar- 
quette and Keweenawan Disiricts. 

South Trap Range the Keweenawan 
Series. 

Theories Ore Deposits. 

Supposed Fossil from the Copper- 
Bearing Rocks Lake Superior. 

the Relation the Keweenawan 
Series the Eastern Sandstone 
the Vicinity Torch Lake, Michi- 
gan. 


ADDITIONS LIBRARY AND MUSEUM. 


[Society 


Some Instances Action 
Sandstone. 

The Dofia Inez and the Llano del Inca 
Meteorites from Atacama, Chili. 

The Fortieth Parallel Rocks. 

the Classification Rocks. 

worth, 1877-1885. 


From the Victorian Institute Engineers: 
Hydraulic Shield Tunneling Mel- 


From George Webster, Philadelphia: 

Annual Message the Mayor the 
City Philadelphia, 1897. 

From the Weir Frog Company: 

Catalogue No. 

From John Wiley Sons, New York: 

Elements Sanitary Engineering. 
Mansfield Merriman. 

Designing Draw Spans. Charles 
Wright. 

Text-Book Roofs and Bridges. 
Mansfield Merriman and Henry 
Jacoby. Graphic Statics. 

From Williams, Detroit: 

Forty-sixth Annual Report the 
Board Water Commissioners 
the Common Council the City 
Detroit, 1897. 

Trade Catalogue. 

Floating Bridge Lynn, the Salem 
and Boston Turnpike, 1898. 

Henry Woods, West Newton, 

Annual Report the City Engineer 
Newton forthe year ending Decem- 
ber 31st, 1897. 

From Emanuel Ziffer, Vienna: 

Internationaler Permanenter Strassen- 
bahn-Verein: Zehnte General-Ver- 
1898. vols. 
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THE COFFER-DAM PROCESS FOR PIERS. 


Practical Examples from Actual Work; Charles Evan Fowler, 
Am. Soe. Cloth, ins.; Plate, 104 Figures the text; 
159 York, John Wiley and Sons, 1898. 


The scope this book briefly indicated its title. The various chapters relate 
Historical Development, Construction and Practice, Crib Coffer-Dams, Cribs and 
Canvas, Pile-Driving and Sheet Piles, Construction with Sheet Piles, Metal Construction, 
Pumping and Dredging, The Foundation, Location and Design Piers. Synopsis 
the Coffer-Dams described, with their location, character, dimensions, etc., forms con- 
venient reference table the beginning the book. The Index appears full and 
complete. gives selections from Specifications relating Excavation, 
Timber, Piling, Cement, Concrete, Masonry, Rubble Stone, Measurement, for 
Coffer-Dams and Foundations. brief specification for Steel Coffer-Dam also given; 


and tables capacity, dimensions and cost centrifugal and sand pumps and hoisting 
engines. 


ELEMENTS SANITARY ENGINEERING. 


Mansfield Merriman. First Edition. Cloth, 9x6 ins., 216 pp. 
New York, John Wiley and Son, 1898. 


The introductory chapter gives brief historical notes the progress sanitary 
science and clearly defines that division called Sanitary Engineering. also treats 
Classification Diseases, Statistics Mortality, Bacteriology, Organic Matter, Filth 
and Disease, Impure Air and Disease, Drinking Water and Disease, Matter Natural 
Waters, Chemical Analysis Water, Biological Analysis Water, Interpretation 
Analyses and results Sanitary Science. 

Water 
Purification, 

There series exercises and problems, the close each chapter, for the use 
engineering students. 


The book primarily intended for engineering students and municipal officers. 


and Sewerage are discussed the chapters headed, Water and Its 
ater Supply Systems, Sewerage Systems and Disposal Garbage and 


THE DESIGNING DRAW-SPANS. 


Part Plate-Girder Draws. Part Riveted Truss and Pin-Con- 
nected Long-Span Draws. Charles Wright, Am. 
First Edition, New York, John Wiley and Sons, 1898. cloth, 317 
pp. 


The author has desired collect this volume all the material necessary for the 
complete designing the common types draw-spans and arrange such form 
the greatest service practical use. 

Several special types, such the rolling lift and the vertical lift spans use Chi- 
cago and elsewhere, and the folding draw used Boston are considered, and their 
special features illustrated. 


The author has endeavored give special attention points not usually discussed 
book has many illustrations, plates and tables. The index apparently full and 
complete. Specifications are given and much space devoted the description vari- 
ous existing There are tables and general data for ropes, chains, belts, friction 
clutches, brakes, strength pipes and cylinders, etc. 
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THE ELASTICITY AND RESISTANCE THE MATERIALS 
ENGINEERING. 


William Burr. Ed. revised and enlarged. Cloth, 
ins., 753 pp. New York, John Wiley and Sons, 1896. 


This work the outgrowth lectures delivered the author before students 
Rensselaer Polytechnic Institute. divided into two parts. The first, 
part, intended furnish analytical rational basis for the prac- 
tical contained Part II. 

Part treats the general theory elasticity amorphous solid bodies; thick, 
hollow cylinders and spheres; torsion; the energy elasticity and the theory 
flexure. treats tension; compression; long columns; shearing and torsion, 
bending, flexure; riveted and other connections; miscellaneous problems; work- 
ing stresses and safety factors; the fatigue metals and the fiow solids. The book 
contains many formulas, tables tests materials, diagrams, etc. 
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any its publications. 


The Coal Hoists the Calumet and Hecla Mining Company. PAGE 
Memoirs Deceased Members: 


THE COAL HOISTS THE CALUMET AND HECLA 
MINING COMPANY. 


Kaun, Jun. Am. Soc. 


PRESENTED JANUARY 4TH, 1899. 


The large quantities coal consumed daily manufacturing, 
mining, and commercial industries has necessitated the introduction 
machinery especially adapted for handling this material. The 
loading coal from cars into freight vessels, from vessels into cars, 
has brought about the use certain classes this machinery—the 
unloading into cold storage sheds, and again the delivery from the 
sheds directly the boiler stokers, has created the need others. 
Hoisting and conveying machines this work are varied their 
construction suit different conditions, that machinery this class 
can itself form distinct branch engineering. 

The author has been unable find the any paper 
which has dwelt this subject, and has seemed him that the de- 


sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 
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scription one very large plant might possibly interest, and 


some its engineering features worthy special attention. The 
plant described was erected for the Calumet and Hecla Mining Com- 
pany, during the months June and July, 1898, Lake Linden, 
Mich. 

The Calumet and Hecla Mines are located peninsula, known 
Kewenaw Point, and extending into Lake Superior. The smelting 
works and coal docks the company are Lake Linden, small 
town situated inlet Lake Superior; the mines are Red 
Jacket and Calumet, Mich., two towns about miles from Lake 
Linden. 

All coal received from freight vessels the docks Lake Linden, 
and hoisted there and conveyed into the coal storage sheds. 
carried from Lake Linden the mines Calumet rail; the cars, 
entering passages provided for them the sides the sheds, are filled 
special loading devices. The coal-carrying vessels from Buffalo 
the upper peninsula have average capacity from 200 400 
tons. They have usually five hatches, each about ft. ft., and 
ft. centers. 

The coal most commonly used the grades known Youghi- 


and Pocahontas,” Pennsylvania, and the Soldiers’ 
Run,” Virginia, all which are large-lump, bituminous coals. 
There also received small quantity anthracite, which serves for 
the domestic use the workmen. 

1894, the coal received the company amounted 225 420 
tons; 1895, 175 162 tons; 1896, 207 000 tons; 1897, 178 800 tons, 
and 1898, 285 000 tons. 

can, course, easily appreciated, that even the slightest 
saving per ton for unloading this enormous quantity coal from the 
boats, and conveying the coal sheds must amount large sum 
yearly, and, low rate interest, must warrant very large invest- 
ment. Coal hoisting with steam-shovel plant this character, 
which takes the material from the hold the vessel and delivers 
into the storage sheds, done possible cost between and 
cents per ton. The same work done stevedores would probably 
cost from cents per ton. 

The reasons for storing this immense quantity coal are, pri- 
marily, carry the works through winter’s demand, lake transpor- 
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tation being closed during this season; secondly, the company has 
found necessary make itself absolutely independent possible 
accidents the coal supply, caused mine strikes 
fluctuations, and, this, has erected the steel-framed coal shed 
shown Fig. 648 ft. 295 ft., used for storage reser- 
voir drawn upon case any the before-named causes make 
the supply less than the demand. The hoisting towers and automatic 
railways, which are used for unloading the coal from the vessels and 
carrying into the sheds, are the subject this paper. 

Fig. Plate side view the hoisting towers and the coal 
shed taken during erection and before the latter was enclosed. Fig. 
Plate front view the towers. 

Fig Plate LI, shows the engine floors the towers before they 
were enclosed with their housing, all the towers being close together. 
Fig. Plate LI, shows the engine floor one the towers, with the 
engineer his operating stand. 

Fig. Plate LII, shows the wheel-bases the towers. Fig. 
Plate LII, view the towers, completed, and several them 
engaged hoisting coal. 

Figs. and show elevations the towers and plans the floors. 
section and general framing plan the building are shown 
Fig. 

The towers have been reduced great simplicity their general 
design and the individual members have been placed that the 

theoretical strains are transmitted almost directly the foundations. 
The rear posts have been battered enlarge the base and increase the 
stability the structures. was impossible increase the width 
the towers beyond that shown the front elevation, the distance be- 
tween centers the automatic railways being given which 
was not allowable exceed. Each tower mounted five pairs 
heavy wheels, capable being moved anywhere along the wharf, 
that hoisting can done from any one the different hatches 
vessel, and necessary all towers can work one vessel the 
same time. the building the rear contains automatic railway 
tracks, and any one the towers apt unload any one the 
tracks, the extreme distance moved along the wharf 648 ft. 

The side elevation (Figs. and shows two floors, the upper one 
being used the engine floor and the lower one the the 
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upper floor the receiving hopper and the hoisting engine; the latter 
14-in. engine, with double drum and double cylinder, fitted 
with steam brake, steam reversing cylinder, emergency brake, 
and counterweight spool. Its drums are constructed that the 
chains, which are laminated, wind upon themselves vertical plane; 
the reasons for this will evident from the description the boom 
given later. The car floor contains the scale platform and the auto- 
matic car, the latter being stationed directly under trap door the 
hopper. 


2 
~ 


Boom Brace 


REAR ELEVATION OF TOWER 


= = = 


FRONT ELEVATION TOWER PLAN ENGINE FLOOR 


The plans these floors show them heavily trussed 
horizontal plane and the rear elevation shows them trussed 
vertical plane. The truss under the engine floor takes the load 
the engine and the varying upward and downward pulls the shovel 
chains. The horizontal truss under the floor receives the horizontal 
component the hoisting chain pull, and carries into the tower 
proper. 

The boom heavily trussed structure, peculiar shape, the 
top chord being the are circle ft. radius and the bottom 
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chord approximately parabolic segment. made two 
trusses, connected together angles and plates the plane the 
top chord, and bracing between the webs. 

The boom truck, containing the sheaves for the shovel chains, 
moves between the trusses, the flanges the bottom chord acting 
guides and rails. chock block used for arresting its downward 
travel. This operated counterweight its own, and automat- 
ically adjusts itself different positions along the boom from which 

similar chock block the upper end the boom stops the truck 
directly above the hopper, and holds the same projecting hook 
when the truck not use. 

the farther end, the boom connected the cross-bar 
means vertical pin, and transmits its horizontal stress into the 
same; the cross-bar again connected vertical pins with the hori- 
zontal braces. its upper end, the boom suspended from the top 
hip truss which carried cantilevered beams from the tower. This 
connection also made with large vertical pin. The details the 
boom are shown Fig. 

When hoisting being done, the boom stands out right angles 
the front the tower, and held this position two guy lines 
attached its sides. When not use, swung around horizon- 
tally, approaching nearly possible the face the tower, thus 
allowing boats with high masts move along the wharf. 

The bottom chord the boom was designed that the resultants 
the forces, when hoisting being done any point, are always 
normal the track bottom chord, certain factor safety extra 
declivity being allowed for; this factor will explained somewhat 
under the heading Construction the Boom The resultant 
stress the truck, being always direction press 
normally against the tracks, has tendency run the boom 
while the shovel suspended from it. When the shovel reaches the 
truck, bears suspended arm the latter, and the chain now 
pulls both truck and shovel toward the tower and over the hopper, 
where the shovel allowed dump itself. 

With this scheme hoisting, where the shovel chains merely pass 
over the sheaves the truck, course easily seen that the 
curve not theoretically correct, and possesses certain factor 
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safety, there tendency slide the same either down the 
boom soon pull comes the chain. 


OPERATION THE 


The engineer stationed his operating stand the front the 
tower, shown Fig. where can all times watch the shovel. 
controls the throttle valve with foot lever; the reversing gear 
operated steam valve his right, and the brake band asteam 
valve his left. There also emergency hand brake his right. 
Two chains are used for operating the shovel, the hoisting and hold- 
ing chains, both them being laminated type, made ten 
links. 

Beginning with the empty shovel supported over the coal the 
boat, the engineer sets his steam brake and supports the shovel the 
holding chain. then moves his reversing lever and allows the 
hoisting chain become slack, the shovel opening its own weight. 
soon the shovel has entirely opened, the engineer frees the brake 
band, and, with the engine reversed, allows the shovel fall into the 
coal pile from small height. The shovel its own weight buries 
itself the coal. The engineer, having the brake band set that the 
holding chain drum fixed, allows his engine run forward and raise 
the hoisting chain. The scoops are thus forced together without ex- 
erting any tendency lift the shovel out the soon the 
shovel closed, the engineer frees the brake band the holding 
chain drum and raises the shovel both the holding and 
hoisting chains, slowing little approaches the boom, and 
from this point the shovel moves with the truck the hopper. The 
engine then stopped, and the shovel suspended with the holding 
chain. The engine reversed, which allows the hoisting chain 
become slack, and causes the shovel open and unload itself into the 
hopper. The shovel again closed winding the hoisting chain; 
the brake band released; the engine again reversed, and the shovel 
allowed descend the boom, and into the vessel. 

requires about seconds make one trip, and tons are 
hoisted each time. 

man standing the car floor below operates the trap door 
the back the hopper, and allows the coal flow into the automatic 
which stationed the scale platform. weighs the coal, 
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and gives the car slight push start down the incline the 
Itrushes along until point its journey 
strikes the cross-bar, strong oak frame laid across the track and 
connected wire ropes with triangular weight. The car picks 
the cross-bar and drags along, thereby raising the weight. Grad- 
ually, the weight raised, the energy motion contained the 
loaded car transformed into the potential energy the raised 
triangle. The cross-bar located such distance before the point 
dumping, that this energy the loaded car has been entirely ex- 
pended carrying the dumping point. The car, therefore, 
when arrives there momentary standstill; its sides during 
the last few feet motion have engaged the trip block and are 
caused fly open. The coal thus allowed fall vertically into 
the shed, without any other component force than that due its 
height fall, and this insures the least possible breakage coal. 

The car being empty, the raised triangle, possessing the energy 
the loaded car, now descends, and forces back the cross-bar, thus 
giving the car impulse sufficient carry back the platform 
the tower. All this work done very short time, the car run- 
ning down the grade with constantly accelerated velocity, and re- 
turning with constantly retarded velocity due gravity. 

Automatic railways this character have been operation for 
many years, especially where coal conveying done any extent. 
The entire arrangement works speedily, costs absolutely nothing for 
operating expense, easily constructed, and delicate parts 
easily put out order. special and interesting feature its 
mechanism the device used gradually retard the rapid descent 
the car, changing its forward motion into backward motion and 
giving just enough momentum carry the car the starting point. 

The working the triangle offers very interesting mathematical 
study, far that its action not the same that falling 
weight that its effective pull varying nature, greatest and 
least those points where most desirable have so, and that 
receives and imparts great velocity with scarcely any shock 
vibration. 

triangular weight shown Fig. suspended from double 
grooved sheave which travels back and forth 12-in. timber 
track. The rope leads from the cross-bar, one direction over 


q 
| 
7 
4 
| 
q 
4 


PLATE LI. 
PAPERS AM. SOC. 
DECEMBER, 1898. 
KAHN COAL-HANDLING MACHINERY. 


Papers 


sheav 
track 
other 
this 
that 
its 
end 
tance 
bar 
the 


ing 
stop 
effec 
tard 
whe 
reta: 
| the | 
| | 
iden 


KAHN COAL-HANDLING MACHINERY. 845 


sheave the end the track, returns below the track the triangle 
sheave, leads half-way over this, and fastened the end the 
track timber pointing toward the rear the shed. Leading the 
other direction from the cross-bar, passes around the other end 
sheave, returns below the triangle sheave, takes half turn about 
this and fastened the other end will noticed, 
that the instant when the car strikes the cross-bar, which time 
its momentum greatest, the triangle sheave directly above one 
end the triangle, and the force required move very short dis- 
tance, theoretically zero friction were neglected. the cross- 
bar travels with the car, the triangle sheave drawn forward along 
the timber track and the triangle raised, its effective weight increas- 


DIAGRAM MOTION 
AUTOMATIC RAILWAY TRIANGLE 


ing varying quantity. The car thus gradually brought 
stop, which instant the coal drops into the shed then the back- 
ward push the cross-bar the car takes place, and from the entire 
effective weight the triangle the backward push gradually re- 
tarded, until the sheave again directly over one end the triangle, 
retarded, the velocity the triangle sheave and consequently that 
the car being increased and that point where the effective push 
the triangle reduces zero, the sheave velocity its maximum. 


There the triangle and cross-bar mechanism very nearly 
identical its rebounding effect with that the bow and arrow. 
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the instant when the bow string released, the component string 
tension pressing the end the arrow very large, and this 
component decreases, the transverse velocity the string increases, 
until that point where the string straight, its effective push 
zero. Its velocity, however, maximum, and infinite com- 
pared with the ends the bow. 

the short mathematical discussion which follows, the author 
has deduced formulas determine the following facts 

First.—Given the weight the triangle, derive the angular dis- 
tance through which the triangle raised and the distance through 
which the car drags the cross-bar or, given the distance through which 
the car drags the cross-bar, determine the weight the triangle. 

Second.—Relative velocity the rebounding car and falling triangle. 

Third.—Real velocity the rebounding car. 

Fourth.—Frictional losses. 

Let weight empty car, 

weight coal carried car, 
total fall car from starting point position dumping, 
angle which rail slope makes with vertical line, 
weight triangle sheave, 
r=O A, 
the center rotation, 

distance from the center axle center triangle sheave, 
horizontal distance triangle sheave from its initial posi- 
tion, 

angle which any radial line from makes with its initial 

position for any position the triangle, 
makes with the horizontal radius when its in- 
itial position. 

Total kinetic energy descended loaded car work done raising 
triangle. 

Work swinging the center gravity the triangle through angle 
cos 


work swinging the center gravity the triangle 
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and final angles made the radial line through the centroid with the 
horizontal radial line. But since total work done the triangle 
equals total kinetic energy the loaded car, (sin sin 
sin 
aw 

This would the true value for frictional losses were neg- 
lected. 

represent that part the total height through which the car 
falls lost friction car travel, and the greatest velocity re- 


bound the car, then the greatest velocity the triangle 
sheave, and the energy lost the sheave and dissipated 


vibration through the timber and triangle. 


Then 


The total angle through which the triangle swings 


determine the weight the triangle when the drag the cross- 
bar given, substitute the value the latter equation (IV), and 
solve for then substitute the real value for equation 
and solve for 
Second.—From equation (ITT) 
Equation (V) represents the rate which changes with respect 


the relative velocities between the two. When 
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Third.—Energy given ascending car Energy lost 


where represents that part the total friction which has already 
been overcome, and where the only unknown quantity and can 


readily computed. 
Fourth.—Having determined since 
frictional loss ascent and descent the car. 

Equations (I), and (IV) indicate that the angular dis- 
tance through which the triangle raised, and the horizontal distance 
through which the cross-bar carried, are directly dependent the 
total weight the loaded car, the triangle and the fall the car. 

Equation (V) gives the relation the horizontal velocity the 
triangle sheave cross-bar the angular velocity the triangle, and 
shows that when the sheave directly over one end the triangle, 
when the effective pull zero, the relative velocity infinite. 
When the end the triangle vertically above the axle, then the 
relative velocity unity; the end the triangle, this time, when 
the effective pull greatest, moves with the same speed the sheave. 
all other positions during the fall the triangle the sheave moves 
faster than the end the triangle, the comparative velocity being rep- 
resented equation (V). 

equation (VI) the real velocity the rebounding car can de- 
termined for any position, either while still contact with the 


cross-bar after has left it. 


CONSTRUCTION Boom. 


The construction the boom represents rather uncommon and 
decidedly interesting problem. Fig. shows the construction the 
for the 2-ton steam shovel booms. The latter are made three 
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different standard lengths, that hoisting may done maxi- 
mum projection 20, ft. The curve the bottom chords 
all cases the same; the top chords are varied making them 
circles The booms the plant described herein 
were ft. projection. 

The small circles Fig. represent the sheaves for the hoisting chain 

the boom truck when the latter its positions Nos. ete. 

The shovel weighs approximately 000 lbs., the coal 
and the boom truck 000 making total vertical load 000 
lbs. pullis the weight the boom truck 
could neglected, the total downward force would all times 
equal the pull the chain, and the direction the chain from 
the truck the engine were always toward certain point, which has 
been assumed the focus, the sides the parallelogram forces 
would always equal, and the curve normal the resultants, would 
true parabola having its vertex approximately ft. above the 
focus. This follows from the property the parabola that the nor- 
mal the curve any point will always bisect the angle included be- 
tween the focal chord through that point and parallel the axis 
the parabola. 

the construction these boom curves the chain was assumed 
lead from the fixed point the engine called the focus. This, al- 
though not theoretically exact, sufficiently accurate for practical 
purposes. have assumed the focus for each possible tangent posi- 
tion the chain the drum would have made the problem much 


more complicated and would have affected the final resulting curve 


very little. 

the vertical force exceeds the inward pull 2000 the 
weight the truck, and the curve constructed that all 
points normal this resultant, will vary from the parabola, and the 
result will the limit curve for 000 pull and 000 verti- 
cal load, shown Fig. Since these resultants are more nearly 
vertical than the resultants for the parabolic curve, the 000 Ibs. 
limit being normal them, more nearly approaches the 
zontal direction. This curve then represents the true theoretical 
curve, and the focus constant, has already been assumed, the 
boom truck will exact state equilibrium during hoisting, 


neither rising nor falling, but being just the point balance. 
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The booms actuaily constructed are made according third 
curve, shown Fig. about one-third the distance between the 
000 limit curve and the true parabola. the third curve, the 
vertical loads are varying value. The curve constructed, 
rather the vertical loads have been modified, take into ac- 
count the friction the truck, allowing run down readily its 
own accord from its highest position (No. 10) when dumping above 
the hopper. all other positions the truck certain factor 
safety exists whereby small weight left rest the lower boom 
chock-block. 

This overcomes the possibility the truck sliding too freely 
with the shovel toward the hopper, certain remaining downward 
force keeps the hoisting chain taut during this part the shovel 
travel. position No. the truck, the weight the latter has been 
entirely neglected, and accordingly the curve there true parabola. 
Its grade greater this point than need be, which insures the 
descent the shovel with the truck down the boom; whereas with the 
true theoretical curve the shovel would descend into the hopper, instead 
traveling with the truck when the hoisting chain released. 

For positions Nos. the vertical loads have all been 
modified amounts determined mostly experience. The entire 
curve somewhat less inclined than the parabola, and more inclined 
than the true theoretical curve. curve has been constructed for 
which the rolling truck friction has been considered, and where factor 
safety given the travel the shovel throughout. 

There another interesting feature about the construction this 
curve. Assume, for example, that the shovel held accidentally 
the hatch the boat, say, projecting bolt, through careless- 
ness the workmen, otherwise. this case the engine may pull 
its maximum amount, which 000 lbs., the vertical load will 
000 plus the truck since the resultant this force 
parallelogram less vertical than the resultant the 000 500 
limit curve, the newly assumed curve, this point, has 
component the direction the track, and the truck will slide 
short distance the boom, which, when noticed the engineer, 
warns him check the engine. There has been the curve, 
therefore, factor safety, which not only guards the shovel ita 


travel throughout, but which acts safety valve case 


q 
q 
7 ata 
7 
q 
4 
7 
all 
he 
rly 
bs. 
cal 
the 
DE, 


850 KAHN COAL-HANDLING MACHINERY. [Papers. 


different standard lengths, that hoisting may done maxi- 
mum projection 20, ft. The curve the bottom chords 
all cases the same; the top chords are varied making them arcs 
circles radii. The booms the plant described herein 
were ft. projection. 

The small circles Fig. represent the sheaves for the hoisting chain 
the boom truck when the latter its positions Nos. ete. 

The shovel weighs approximately 000 the coal 
and the boom truck 000 making total vertical load 000 
lbs. pullis the weight the boom truck 
could neglected, the total downward force would all times 
equal the pull the chain, and direction the chain from 
the truck the engine were always toward certain point, which has 
been assumed the focus, the sides the parallelogram forces 
would always equal, and the curve normal the resultants, would 
true parabola having its vertex approximately ft. above the 
focus. This follows from the property the parabola that the nor- 
mal the curve any point will always bisect the angle included be- 
tween the focal chord through that point and the axis 
the parabola. 

the construction these boom curves the chain was assumed 
lead from the fixed point the engine called the focus. This, al- 
though not theoretically exact, sufficiently accurate for practical 
purposes. have assumed the focus for each possible tangent posi- 
tion the chain the drum would have made the problem much 
more complicated and would have affected the final resulting curve 
very little. 

the vertical force exceeds the inward pull 2000 the 
weight the truck, and the curve constructed that all 
points normal this resultant, will vary from the parabola, and the 
result will the limit curve for 000 Ibs. pull and 000 lbs. verti- 
cal load, shown Fig. Since these resultants are more nearly 
vertical than the resultants for the parabolic curve, the 
limit curve being normal them, more nearly approaches the hori- 
zontal direction. This curve then represents the true theoretical 
curve, and the focus constant, has already been assumed, the 
boom truck will exact state equilibrium during hoisting, 
neither rising nor falling, but being just the point balance. 
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The booms actuaily constructed are made according third 
curve, shown Fig. about one-third the distance between the 
000 lbs. limit curve and the true parabola. the third curve, the 
vertical loads are varying value. The curve constructed, 
rather the vertical loads have been modified, take into ac- 
count the friction the truck, allowing run down readily its 
own accord from its highest position (No. 10) when dumping above 
the hopper. all other positions the truck certain factor 
safety exists whereby small weight left rest the lower boom 
chock-block. 

This overcomes the possibility the truck sliding too freely 
with the shovel toward the hopper, certain remaining downward 
force keeps the hoisting chain taut during this part the shovel 
travel. position No. the truck, the weight the latter has been 
entirely neglected, and accordingly the curve there true parabola. 
Its grade greater this point than need be, which insures the 
descent the shovel with the truck down the boom; whereas with the 
true theoretical curve the shovel would descend into the hopper, instead 
traveling with the truck when the hoisting chain released. 

For positions Nos. the vertical loads have all been 
modified amounts determined mostly experience. The entire 
curve somewhat less inclined than the parabola, and more inclined 
than the true theoretical curve. curve has been constructed for 
which the rolling truck friction has been considered, and where factor 
safety given the travel the shovel throughout. 

There another interesting feature about the construction this 
curve. Assume, for example, that the shovel held accidentally 
the hatch the boat, say, projecting bolt, through careless- 
ness the workmen, otherwise. this case the engine may pull 
its maximum amount, which 000 lbs., the vertical load will 
000 plus the truck and since the resultant this force 
parallelogram less vertical than the resultant the 000 500 
lbs. limit curve, the newly assumed curve, this point, has 
component the direction the track, and the truck will slide 
short distance the boom, which, when noticed the engineer, 
warns him check the engine. There has been the curve, 
therefore, factor safety, which not only guards the shovel its 
travel throughout, but which acts safety valve case danger. 
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The curve, although established theoretically, has been verified 


the actual workings the shovel, and the expected results have all 
been brought out practice. 


Boom 


has seemed the author that structure this nature, where 
practically every condition exists that prejudicial its life, the 
assumed working strains should most conservative 
nature. The steam shovel apt operation very cold weather, 
and this condition, when members have been heavily stressed, has 
accounted for the failure many outdoor structures. Furthermore, 
there scarcely member the boom which does not receive repeat- 
edly varying and sometimes rapidly reversed stress. 

The short length the truss emphasizes the need taking into 
account this varying and reversal stress, since the dead-load strains 
the structure itself are very small compared with the live-load 
strains the traveling shovel. possible break the boom apt 
fatal the structure whole, hence very small fiber strains have 
been assumed. 

When considered what careless handling steam shovel this 
kind may receive the hands workman, scarcely any assumed 
stress can called too conservative, and where conditions this kind 
are guarded against, the structure can scarcely made 

Again, the shovel may possibly caught the hatch boat and 
not perceived the engineer, which case the engine would exert 
its maximum pull, quantity much greater than that necessary 
raise the shovel. allow for this, all stresses have been computed 
for the maximum engine pull, irrespective the loading the shovel. 


‘This, course, greatly excess the actual working loads. The 


conditions under which the engine may exerting its maximum pull 
are, however, quite possible, and, with careless engineer and small 
hatch, quite probable. 

The assumed working stresses, from which the sections the 
material have been determined, are follows: These are based purely 
the Weyrauch and Launhardt formulas, adapted Wohler’s and 


Spangenburg’s experiments. They have been modified slightly 


more closely with the ultimate strength the steel used these 
structures. 
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Tension.—8 000 for suddenly applied stresses 


the same kind; 


000 for suddenly applied stresses 


opposite kinds; 
000 for dead load; 
000 Ibs. for wind load. 


Compression.—8 000 for live load. 
For reversals stress 000 decreased follows: 


Min. stress 


For varying loads the same kind 000 Ibs. increased follows: 


Max. stress 


For wind load 000— 


7500 lbs. for shear, 


Fig. strain sheet the boom. 

Table No. shows the stresses all members the boom for 
dead load, and for all positions hoisting, from No. No. 

The reaction the upper end taken the vertical pin shown 
Fig. always inclined, thus setting the pin bending 
moment well direct pull. The varying nature the stress 
this pin shown arrows pointing the direction which the pin 
forces which act the boom and tend pull down 
the length the arrows corresponding the quantity stress. 
The effects varying stresses the pin are this case very much 
like those usually coming they change from 
one direction another, inducing alternating tensions and compressions 
the extreme fibers the pin. 

The lower reaction purely horizontal, and also transmitted 
into the braces vertical pins, the stresses varying also above, 
but only reversed for one position the truck, namely, No. 
Table No. shows the great variation the stresses all members. 
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and the boom truck; the maximum live-load stress this 
position No. the truck runs the boom toward the unloading 
position, the stress decreases, and finally changes into compression 
200 when the truck stationed position No. 

Furthermore, these stresses are not such are induced bridge 
structure whose loading more less gradual nature, since 
this case the live-load applied the truly theoretical way. 
soon the engine hoists, the load there with its full effect. This 
condition seems correspond precisely Rankine’s theoretical live- 
load. bridge structures, repetitions occur only after long inter- 
vals, during which time the material the structure has the 
original molecular state, whereas structure this nature, the 
truck runs over the boom with considerable speed, averaging one 
trip per minute. 

The web members especially are subject this fatigue varying 
and reversal stress. Take for example such member 
When the truck its position No. this has compressive stress 
006 live load, making total compressive stress 400 
lbs. soon the truck leaves position No. and arrives posi- 
tion No. the stress completely reversed from large 
compression heavy tension. 

determining the sections material the boom was pri- 
marily necessary observe the variation just mentioned. addition 
this, however, will noted that there are number stresses 
different nature acting upon any one member the structure. 
Take for example the bottom chord A”; there 
first all direct tension 800 lbs., which stress may increased, 
the unit stress decreased, proportion its variable nature 
determined the assumed formulas; secondly, the bottom chord, 
being curved member, has thrown into eccentric stress, pro- 
ducing bending moment, which tends increase the tensile strain 
the lower fiber the chord, and decrease that the upper fiber. 
third strain which torsional induced the member the 


truck which travels the flanges the 6-in. angles the bot- 
tom chord. 
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All top-chord members are subject direct compression and 
bending moment due eccentricity the line stress. All web 


are subject first direct pull compression, and 


secondly, bending moment produced the tendency the 
truck spread the bottom chords. 

hardly advisable into any the steps calculation 
here; the ways proceeding are those given generally books 
the mechanics materials. The reason the writer makes note 
these things that the union all these stresses, combined with 
great variation and reversal, rather uncommon the ordinary run 
structures. 

The boom may perhaps criticised uneconomical 
but when all conditions are taken into account, and the successful 
working the boom considered, more difficult suggest im- 
provements than first appears. 

needless discuss the strain sheets the towers; these would 
only represent the results computations statics, and would re- 
semble those cantilever bridge set vertically one end instead 
horizontally. Stresses throughout the tower are mostly the 
same nature those the boom, e., they are variable and some- 
times completely reversed; only this case the fixed weight the 
tower with its engine, hopper, floor, loads, etc., forms much greater 
portion the total straining the tower, and the immediate shocks 
from the steam shovel are not readily felt. Unit stresses, there- 
fore, determined the assumed formulas, are much larger, and 
sections material proportionately lighter. 

Under certain conditions necessary apply downward re- 
action the rear posts, and for this purpose heavy straps have been 
provided for anchoring the towers the foundation rails. 

Table No. shows few the actual tests the material. 

The Hunt Company was the designer and builder all the 
machinery. The structural steel work the hoists and 
coal shed was done the Passaic Rolling Mill and the Union Bridge 
Company. 
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MEMOIRS DECEASED MEMBERS. 


will hereafter reproduced the Volumes Transactions. Any infor- 
mation which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


ALBERT FINK, Past-President Am. Soe. E.* 


3p, 1897. 


given few engineers achieve greatness more than one 
specialty. The profession now comprises many branches that few 
can reap distinction more than one particular. Some become eminent 
investigators, constructors, managers, but the capacity 
excel all those directions seldom found the same man. But 
can said the late Albert Fink, who was President this Society 
from November 5th, 1879, November 3d, 1880, that the early part 
his career ranked the leading bridge this country. 
Later made great reputation investigator railroad economics, 
and railroad manager under exceptional difficulties; gained still 
higher fame statesman, directing association railroads, and 
making most valuable contributions the rational solution the rail- 
road problem. 

The following the bare skeleton dates furnished Mr. Fink 
himself the ‘‘Biographical Directory the Railway Officials 
America,” when asked the Railway Age Chicago for sketch 
his career: 

Lauterbach, Germany, October, 1827. Entered railroad ser- 
vice December, 1849. October, 1853, Assistant Engineer, Balti- 
more and Ohio Railroad, charge bridge depot construction, 
west Cumberland. October, 1853, August, 1855, Resident En- 
gineer, Parkersburg Branch, Baltimore and Ohio Railroad. August, 
1855, July, 1857, Division Engineer, same road; also Consulting En- 
gineer, Norfolk and Petersburg Railroad. July, 1857, October, 1859, 
Assistant Engineer, Louisville and Nashville Railroad; October, 1859, 
October, 1865, Chief Engineer and Superintendent road and ma- 
chinery department. October, 1865, July, 1870, General Superin- 
tendent, and July, 1870, October, 1875, Vice-President and General 
Superintendent, same road. 1872 1875 also Vice-President South 
and North Alabama Railroad Company. October, 1875 May, 1876, 
Commissioner Southern Railway and Steamship Association. June, 


1877 date (1889), Commissioner Trunk Line Association. Office, 
New York City.” 


This gives most inadequate idea the achievements this dis- 
tinguished engineer, and even this memoir must fall far short fully 
presenting his great abilities and eminent services his adopted country. 


Memoir prepared Chanute, Rudolph Fink and Prout, Members, Am. 
Soc. E., Committee appointed Board Direction. 
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Albert Fink received his early education his native town 
private school, which boys were prepared for the university course, 
much attention being there paid the study Latin and Greek. His 
father was architect, and, Albert evinced desire follow this 
profession, was sent the polytechnic school Darmstadt, where 
took course engineering and architecture, graduating with high 
honors 1848. From there went Offenbach, near Frankfort-on- 
the -Main, entering the service contracting firm engaged the con- 
struction public buildings, factories and dwellings, and there 
gained much practical experience his profession. The German 
Revolution 1848. which, ardent lover freedom and firm 
believer democratic institutions, took deep interest, proving 
failure, and the consequent reaction producing most unfavorable con- 
dition things, decided emigrate America. returned 
his home early 1849 prepare himself for the important step 
was about take, thoroughly reviewing his polytechnical course and 
studying the English language. was already exceedingly syste- 
matic, and made for himself schedule daily studies, allowing noth- 
ing distract him from the performance the task had imposed 
upon himself, being fully determined omit nothing that could 
achieve success life. 

the spring 1849, the year which many young Germans 
left their fatherland, came America. Few men were better 
equipped than for the battle life, and none had more courage 
engage Nevertheless, found much difficulty getting start, 
and his courage, patience and power endurance were severely tried 
before finally obtaining congenialemployment. New 
York, where landed, was unable so, but soon after his arrival 
Baltimore had the good fortune get position the drafting office 
Benjamin Latrobe, one the first great engineers this country 
produced, who was the chief engineer the Baltimore and Ohio Rail- 
road, then under construction. 

those days engineers and draftsmen who could make original 
designs were not plentiful now, and such work fell almost entirely 
upon the chief engineer. was natural that Albert Fink’s thorough 
schooling and his practical experience should cause him soon attract 
Mr. Latrobe’s favorable attention and cause his rapid promotion. 
was not long before became Mr. Latrobe’s principal assistant and was 
put charge designing and building bridges, stations, shops, for 
the new road between Cumberland and Wheeling, position which 
retained until the completion the line, 1853. During this time 
produced some his best engineering works and invented his well- 
known truss, which enabled him increase considerably the length 
span iron bridges. 


His first design this plan was the bridge over the Monongahela 
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River Fairmont, Va., consisting three spans 205 ft. each, 


built 1852, this being then the longest iron railroad bridge span 
this country. 


The immediate cause the invention this truss was the desire 
avoid building many masonry piers large river subject sud- 
den rises which would have greatly delayed the opening the road 
for traffic, and the désire secure iron bridge with less material 
than the truss* would have required for the same length 
span. 

The Fink truss chiefly remarkable for its great simplicity. The 
strains each member can readily ascertained without intricate 
calculation, and they are always either compressive tensile, there 
being member subjected both these strains alternately, while 
proper provision made that injurious effects are produced 
expansion and contraction caused changes temperature 
variable loads. 

The Monongahela Bridge was through bridge with cast-iron 
chords and posts and wrought-iron tension rods, with pin connections 
throughout. The ends the chords were hung links upon pins 
cast-iron towers, and the floor beams were hung suspension links 
the pins connecting the tension rods with the posts—thus allowing 
all parts the truss expand and contract without deranging the 
structure. Once properly erected subsequent adjustments were 
ever necessarry such bridge. The plan was promptly adopted 
Mr. Latrobe for all the bridges the Baltimore and Ohio Railroad 
and the Parkersburg Branch. 

About the same time Albert Fink built two cast-iron high viaducts 
novel design. They were erected upon steep mountain grade and 
upon sharp curves, and were considered bold structures and were 
much admired. When the Society held its Annual Convention 
Deer Park, 1885, the Baltimore and Ohio Railroad officials took 
members special train view these viaducts, which were 
that time still good order. 

Besides bridges and viaducts furnished designs for stations, 
shops and engine houses, which were all characterized appropriate- 
ness, neatness appearance and economy the use materials. 

All these works made considerable reputation for and when 
the Baltimore and Ohio Railroad was completed might have rested 
his laurels and turned his attention the general introduction 
his patent bridge-truss and the accumulation wealth. The time 


The Bollman bridge was also designed employee the The 
Fink truss proved superior that came into extended use, and shops were built 
Louisville for its manufacture. Many the bridges the were this 
1860 Mr. Fink was considered the leading bridge engineer the United States. 
When 1865 the North Missouri Railroad invited designs for the first bridge 
erected over the Missouri, the plans Mr. Fink received the second 
the meantime designed, besides many other structures, the great iron 
Ohio River Louisville, which was begun 1867 and completed 
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for this was most propitious, and could readily have obtained the 
needful capital, for there was probability failure; but was not 
inclined follow such course; was ambitious learn more and 
perfect himself his profession. the position 
Resident Engineer the construction the Parkersburg Branch, 
taking charge the first seven miles from Grafton west. Mr. Latrobe 
was Chief Engineer and put him also charge the bridges and 
buildings. Here made himself familiar with the use the level 
and transit, and with graduation and masonry work, remaining from 
October, 1853, August, 1855, when was appointed Division 
Engineer the Western Division thesame road, where remained 
until its completion 1857. 

During this time served also Consulting Engineer the Nor- 
folk and Petersburg Railroad, then building under William Mahone, 
whom furnished the designs for the principal bridges and build- 
ings that line. 

His business connections with Mr. Latrobe now terminated. Their 
relations had always been most pleasant, and they had formed warm 
friendship which continued until death. 

July, 1857, Albert Fink went the Louisville and Nashville 
Railroad Assistant Engineer charge buildings and bridges— 
under George MacLeod, Chief Engineer. was then his thirtieth 
year and the prime life, with capacity for work such 
ever had. Though fully with designs for the Louisville and 
Nashville Railroad found time prepare plans for rebuilding the 
Louisville Court House (in 1858) which were adopted, being 
appointed superintend their execution. this work displayed 
his talent and taste architect, and added much his reputa- 
tion. The edifice to-day the finest the city, not the State, 
and the pride the people Louisville. 

The Louisville and Nashville Railroad was opened through 
Nashville November, 1859. was still very incomplete, being 
estimated that nearly 000 000 was yet expended make 
first-class road. 1859, Mr. Fink was appointed Chief 
Engineer and Superintendent the Road and Machinery depart- 
ments. 1861 the Civil War broke out, and there followed expe- 
rience railroad operation, for four five years, too dreadful, 
now think, ever occur again. The line road under Mr. Fink’s 
charge ran directly through the region most affected the contend- 
ing armies Kentucky and Tennessee, and was alternately posses- 
sion the Confederate and Federal forces. The former first seized, 
July, 1861, the miles the road Tennessee, with its rolling 
stock, and September further took possession all the southerly 
portions the line within miles Louisville, leaving but 
miles out 268 which could operated the company. The Fed- 
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eral forces then advanced and the Confederates retreated southward, 
but while falling back they destroyed many the bridges, either 
burning them blowing them up, burned the depots, the machine 
shops, the engine houses and the water stations. They tore many 
miles track, piled the ties and burned them after having placed 
the rails top, that the latter were badly bent, and carried off 
such the rolling stock was not the ditch, that the line was 
strewed with wrecks from one end the other. Mr. Fink lost 
time waiting for the Federal forces protect his workmen. 
followed the retreating Confederates with tireless energy, recon- 
structed the damaged portions the road, trestled the bridges,* 
built temporary water stations, straightened the rails and relaid the 
track, and picked the wrecked engines and cars. This work was 
seriously interrupted local freshets, which washed out some the 
trestles, sometimes more than once, but, the amazement the mil- 
itary, these reconstructions were completed nearly fast the Fed- 
erals advanced, and not infrequently ahead them. adequate was 
this reconstruction and the subsequent operation that the 
Nashville was the only road the South which the Federal authori- 
ties did not take military possession, having realized that could 
repaired and operated Mr. Fink more efficiently than themselves. 

The Louisville and Nashville Railroad was the base supplies for 
the Federal forces. Over that line all supplies had hauled, 
and became important object for the Confederates destroy 
cripple it. Then ensued series many raids, which became 
celebrated those General John Morgan. This dashing 
cavalry officer slipped through the Federal forces many times, made 
his way north the line the road, captured trains and burned 
them, destroyed bridges and water stations, and repeatedly stopped 
entirely the operations the road. that time Mr. Fink had 
organized, with great forecast, special corps bridge builders, 
bold, sturdy fellows, with which repaired the damages soon 
the raiding forces withdrew. Indeed, some cases, too soon, for 
the raiders turned back upon their tracks, drove off the repair gangs 
and occasionally killed some the men. number times Mr. 
Fink’s own life was danger. Some bridges were burned three 
times—a tunnel was caused cave burning the timbering; 
trains were wrecked, and indeed every class injury was done which 
could inflicted railroad. This continued for about three 
years, and was followed minor raids predatory bands and 
guerillas, there being less than detailed the report 1864, 
and the report 1865, which trains were captured, 
cars, bridges and trestles were burned, and number the employees 
killed, the total amount physical damages being estimated Mr. 


One them was iron structure 000 ft. long and 115 ft. high, two spans which 
be2n blown up, while another was 520 ft. long and ft. high. 
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Fink (report 1866) $689 512.39, without including the loss 
traffic the increased operating expenses. These damages were 
repaired with wonderful speed and vigor, although complicated 
unprecedented storm 1865, which washed away many embank- 
ments and bridges, and stopped the operations the road for week. 
Moreover, Mr. Fink carried forward, opportunity and means 
served, the work completing the construction many works left 
unfinished the first opening the road, that was prime 
condition the end the Civil War, and did large and profitable 
business consequence this wise forecast. 

his annual reports, which were models their kind, and soon 
overshadowed those the directors and the operating department, 
Mr. Fink dispassionately recited the destructions and misfortunes 
the preceding fiscal year, together with detaiied estimates the cost 
the damages inflicted. confined himself calm statement 
the facts, and characteristic foot-note* the report July 1863, 
added just went the printer, exhibits with what fortitude 
neither allowed himself cast down fresh misfortunes, nor 
elated good luck. 

Amid these vicissitudes inaugurated and maintained the admir- 
able system accounts and records which enabled him determine 
the cost every item work, and which subsequently attracted 
much attention from railroad men. was made General Superin- 
tendent (in addition his duties Chief Engineer) 1865, and every 
report the presideut and directors drew special attention his 
efficiency and good management. 

With the return peace, Mr. Fink devoted his great energies 
the reorganization and economical operation the road. Not only 
did repair the damages inflicted during the war, complete the tem- 
porary works the original construction, and put the line into high 
condition, but also made the first thorough investigation ever car- 
ried out this country into the cost railroad traffic, and the steps 
taken produce the best results. Trained accuracy 
engineer, investigated the expense through his system 
the various particulars the traffic, and introduced science 
making the tariffs. that time railroads had been operated 
mostly rule thumb, and little attention had been paid the 
actual cost various classes items the traffic. The Louisville 
and Nashville Railroad 1866 consisted main stem 185 miles 
and three branches 85, and miles, respectively. these the 


That foot-note was follows: Since then Morgan has visited the road once more. 
the 4th July captured Lebanon, completely demolished the company’s depot 
buildings and engine house that place, burned all the cars standing there, and also 
Hardin’s Creek bridge, miles this side Lebanon. the 6th crossed the Main 
Stem Bardstown Junction, his way north, burning Long Lick water station, 
and damaging the adjacent bridge. has not returned since (October ist, 1863) being 
now confined prisoner war Columbus, Ohio. Table XXII shows the damage done 
the road, from July 1st October 1st, 1863. 
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cost the same traffic differed very greatly, consequence its 
volume and the local circumstances. Mr. Fink investigated the 
causes and remedies for this difference with great acumen. This was 
done classifying the operating expenses under some seventy-five 
different headings, making statements the amount and char- 
acter the freight and passenger traffic, and reducing the accounts 
one common measure per mile road and per train mile. His 
annual reports became bulky pamphlets, consisting largely tabular 
statements, from which sound deductions could drawn. They were 
the nature other railroad managers and experts. 
these reports, Mr. Fink not only gave detail the results the oper- 
ations during the preceding year, and showed how further economies 
might attained, but also discussed those larger politics railroad 
management relating tariffs, alliances, and extensions, which, when 
carried out him, subsequently made the Louisville and Nashville 
the great system which has become, spite the fact that its 
geographical position scarcely seemed warrant that result the 
beginning. Under his advice the road was extended Montgomery, 
Ala., acquiring the charter the South and North Alabama Rail- 
road Company, and upon its completion October, 1872, became 
that company, having held like position the 
Louisville and Nashville since July, 1870. 

reading Mr. Fink’s annual reports one impressed with his 
absolute candor. never warps the facts argument, and 
tells all there told. points out what increased earnings are 
due causes, such, for instance, the increased southern 
traffic just after the war, before the other lines the South could 
placed condition compete. shows convincingly the un- 
reasonableness the chronic complaint some local shippers that 
their rates were out proportion the through tariff, have put 


conclusively statistics that branch line, unprofitable itself, 
may yield adequate profit when the increased traffic the main line 
owning its securities taken into account, and discusses 
masterly way some the general features the railroad problem, 
such through and local rates, effect water competition, etc., 

All this was done amid the engrossing cares reorganizing, man- 
aging and rebuilding railroad region where the lawless element 
was still active, for 1866 and 1867 various outrages were committed, 
such the wrecking and robbery the pay car, the wrecking and 
plundering passenger train, the robbing depot agent, etc. 
Mr. Fink prosecuted the perpetrators with great vigor. Most the 
robbers were discovered and arrested. Two them who had killed 


comrade for divulging were executed, and number the others were 
sent the penitentiary. 


j 
3 
| 
| 
| 
| 


866 MEMOIR ALBERT FINK. 


Mr. Fink’s reports attracted such general interest among railroad 
men that copious extracts from the report 1873-74 were reprinted 
for general circulation under the title Cost Railroad Transpor- 
tation.” This was followed 1874 treatise entitled Investiga- 
tion into the Cost Passenger Traffic,” based upon the traffic the 
Louisville and Nashville Railroad since 1867, which was have been 
followed second part containing the results investigation 
into the cost freight traffic, the completion which was prevented 
Mr. Fink’s official duties. The portion thus published discussed 
with conciseness the causes which affect the cost transportation, 
the expenses connected with passenger trains, the character the 
loads carried them, with the cost each class, the effect in- 
crease business upon the cost, and cost mail and postal 
service. able was all that another edition was called for 
1876, and Mr. Fink was invited appear before the special com- 
mission Congress Railway Mail Transportation.” The pam- 
phlet, which was reviewed length the Railroud Gazette May 
30th, 1874, remains classic this day, and the full and convincing 
work this distinguished engineer still almost the only known 
treatise upon the abstruse subject the cost railroad transportation. 

These continuous and absorbing labors doubtless induced Mr. 
Fink certain sense fatigue; moreover, desired complete his 
studies the cost freight traffic, which traffic believed 
more important and complicated than that done passenger trains, 
and he, therefore, declined re-election Vice-President and General 
the annual meeting the stockholders the Louis- 
ville and Nashville Railroad October, 1875. Very complimentary 
resolutions (published the annual report) were passed the 
directors the road, and began preparations for long European 
trip. was not suffered thus get out harness, however, for the 
Railway and Steamship Association,” already existence, 
was then looking about for commissioner, and persuaded him take 
the place until matters could put into smooth working order. 

1875, Mr. Fink entered the work which, consciously and 
unconsciously, had been preparing for years. was work 
great originality, and difficulties quite great. critical period 
the history the railroads the United States had been reached, 
and, the decade between 1870 and 1880, very important change 
took place the attitude those who controlled railroad properties 
toward the owners those properties, toward other railroads, toward 
society and toward the State. bringing about this change Mr. 
Fink had more than any other man, perhaps more than any other 
dozen men. 

Very briefly stated, the change was something like this: The stage 
expansion began give way the stage organization. The un. 
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scrupulous, the andthe corrupt railroad officers began sink 
relative numbers and power, and the men high professional spirit 
became relatively more numerous and more The theory 
that railroads were merely private properties, worked only for the 
profit owners, often for the personal gain officers, began 
give way the theory that railroads are quasi-public institutions 
enjoying valuable powers and privileges from the State, and 
having corresponding duties and obligations the State. The theory 
the control rates and service competition broke down and 
began give place the theory control combination. 
must not supposed that these changes came about all once, 
that they are yet complete, that they have gone during the last 
twenty-five years without interruption; but the tendencies these 
changes began strongly marked Mr. Fink’s 
career. 

The Southern Railway and Steamship Association was organized 
1875. about twenty-five southern railroads, 
formed for the purpose controlling and regulating rates, the 
end that they might kept reasonally permanent and controlled 
lead the least possible discrimination between persons 
places. requires slight familiarity with the social economics 
railroads appreciate that such regulation rates would sweep 
away most the evils felt the railroads themselves and the 
communities which they served. The Southern Railway and Steamship 
Association was the first really important and influential combination 
this kind, and one the most successful ever established. was 
largely Mr. Fink’s creation and was highly organized institution. 
was designed machine enable the railroads work together 
with without pooling, might thought expedient. But the 
association was much more than pool. While was designed 
divide the competitive traffic, was designed further facilitate hand- 
ling the through traffic. that end arranged classifications and 
rates and served clearing house for through traffic accounts. 
this great organization Mr. Fink was the working chief, and all who 
are able judge agree that its affairs were well managed from the 
start. The plan work and the body rules were prepared Mr. 
Fink with German painstaking and thoroughness and were adminis- 
tered him with distinguished ability, justice, tact and resolution. 

May, 1876, Mr. Fink felt that could withdraw resume his 
plan rest and study, and after about year spent Louisville 
arrange his personal affairs, started June, 1877, for trip 
Europe. This time got far New York, arriving there time 
when the chief executive officers the four eastern trunk lines were 
endeavoring compass measures prevent the recurrence the dis- 
astrous railroad war the preceding year. Mr. Fink was consulted, 
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and greatly impressed the executive officers that they prevailed 
upon him organize and conduct the affairs their proposed asso- 
ciation, upon plan chiefly devised himself. The Trunk Line Asso- 
ciation which was then formed included the Baltimore and Ohio, the 
Pennsylvania Railroad, the Erie and the New York Central and Hudson 
River Railroad. was established divide the west-bound traffic. 
Late 1878 these lines and their western connections, north the 
Ohio River, and east the Mississippi River and the Atlantic, and 
including also the Louisville and Nashville, co-operate all 
matters relating competitive traffic, and the Joint Executive Com- 
mittee was formed. Mr. Fink was made Chairman, retaining 
also his commissionership the Trunk Line Association. thus 
became the executive officer all the most pcwerful railroads the 
United States, far concerned their competitive traffic arrange- 
ments. That occupied position great power and great delicacy 
one will deny. That filled with remarkable skill everyone will 
admit. Mr. Charles Francis Adams said: 

safe say that the greatest all these combinations, that 


the Trunk Lines, held together only the personal influence 
and the force character one man, its Commissioner, Colonel 


Fink.” 

With numerous troubles and vicissitudes the Trunk Line Associa- 
tion was held together, and 1898 existence, but its power 
were much abridged the Federal Inter-State Commerce 
Act which went into effect 1887. Mr. Fink resigned the middle 
1889, partly for the reason that Federal legislation nullified some 
extent the effect his labors and partly for the reason that his health 
was failing. Indeed, for two three years before his resignation 
had been absent from his office great deal. 

The Joint Executive Committee gave place the Joint Traffic 
Association which was organized, was believed, conform 
the Inter-State Commerce Law and than retard, the 
operations that law. The Southern Railway and Steamship Asso- 
ciation also underwent vital reorganization after the passage the 
act. Many other associations much the same character these 
have been formed and still live, but them Mr. Fink’s influence 
felt lasting force. 

During Mr. Fink’s long-continued and far-reaching labors this 
great field was associated with and aided many able men, stu- 
dents administrators, both, but among them all stood pre- 
eminent. the establishment and growth correct ideas 
rate-making and classification was original student, investigator 
and teacher. the development methods organized co-operation 
among railroads was discovering and formulating the 
true theories the relations railroads each other and their 
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patrons and the State was one the earliest the really scien- 
tific philosophers. 

Mr. Fink’s mind was broad and comprehensive, but was also 
stored with detailed information. had asolid and clear knowledge 
his subject acquired his own way, first hand, and thus com- 
manded his knowledge. His analyses the cost transportation, 
begun the Louisville and Nashville, were the most complete that 
had appeared that time, perhaps the most complete ever made, 
and they have served basis for much the work other students 
along these lines. Professor Hadley says that Mr. Fink’s Report 
Transportation Rates the Seaboard 

one the most successful applications ever made mathe- 


matical methods social phenomena. ought give Mr. Fink 
high rank among scientific investigators holds among practical 


men.” 

Mr. Fink’s dealings with the problems railroad management 
and their relations each other and the people the nation, 
did not permit himself guided theories which had evolved. 
the facts far him lay (and his powers acquisition were great), 
and his theories grew from such knowledge, but under all lay the 
clear, just spirit which could detect the real and the false and which 
was always directed toward ideal justice. one the United 
States Senate inquiries special committee, Senator Harris asked 
Mr. Fink would willing formulate, the shape bill, 
such legislation would recommend. Senator Harris said: 
make this suggestion Mr. Fink because know man the 
whole country who has more extensive and accurate information upon 
the railroad side Mr. Fink promptly added: And 
upon the other side, too; looking upon the other side well 
upon the railroad side.” 

was far possible from socialism. believed 
the free play the forces that emperors legislators cannot control, 
the forces which really make human progress. always contended 
for the common law which embodies the wisdom and experience 
past ages and which cannot improved special legislation; and 
Mr. Fink’s labors fully accepted would have made most special rail- 
road legislation unnecessary, would have directed that would 
have been more efficient and Thus was man whom 
Germany could ill spare, and whose teachings and example have helped 
make our own nation strong and free. 

the first meeting the officers roads the Joint Traffic As- 
sociation, held after Mr. Fink’s death, Mr. George Blanchard, 
Commissioner the association, and who, officer the Erie 
Railway, had taken prominent part the establishment the 
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Trunk Line Association, which Mr. Fink became the head, presented 
the following minute which was unanimously adopted and ordered 
recorded, both the managers and the Board Control.* 


Albert Fink, born Lauterbach, Germany, October 27th, 1827, 
and who died April 3d, 1897, was from June, 1877, July, 1889, the 
Commissioner the Trunk Line Association, the Chairman the 
Joint Committee, the Secretary the Presidents, and many in- 
stances their arbitrator. Being chosen because his prior demon- 
strated fitness for those duties, brought their performance 
thorough education and rare combination organizing, executive 
and judicial faculties and ability; exercised his complex duties with 
eminent fairness, and with just consideration for mutual rights, and 
left the association voluntarily, bearing the esteem and regrets all 
his associates and competitors. 

the conduct his duties showed rare powers concentra- 
tion, analysis and statement, comprehensive mind, alive the de- 
velopment the railway system and the public business and their 
mutual relations, the intricacy the problems which confronted, 
thorough devotion the task solving the great difficulties en- 
countered, and exceptional courage and discretion. His decisions 
were rarely appealed from, and most often himself. Even when 
was most characterized the public autocrat transportation 
rates and rules, was giving the wisest and most liberal considera- 
tion their interests. the great duty which had undertaken— 

harmonize the extended rival interests which served—was not 
accomplished, was through fault his devotion administra- 
tion; and the expressions his own regrets, when left his duties, 
that had not entirely achieved his purposes, will remembered 
all tribute his sincerity, and should afford incentive con- 


tinued effort the same great ends the part those who now ad- 
minister the same properties.” 


When, after this strenuous business life, the imperative need 
rest came him, Mr. Fink resigned the office Trunk Line Commis- 
sioner, 1889, and went for few months Europe; thence return- 
ing with his only child, daughter, Louisville, Ky., reopened 
the old home where had spent the short period his happy 
married life with Sarah Hunt. kept reste pied, traveling 
extensively, both this country and Europe. Scenery was source 
great enjoyment him, and was interested everything great 
and small, from the social problems the places visited their 
local coloring and customs. While home occupied himself with 
his books, spending the better part every day and far into the night 
reading with intense interest works philosophy and history. his 
retirement missed greatly his active business life, but, although 
had many tempting offers return it, declined them all. 

During the last two years his life had severe attacks illness 
caused kiduey trouble, each one sapping more his strength, both 
physical and mental, until his death, which came suddenly and with- 
out pain early April, 1897. 

Railroad Gazette, April 16th, 1897. 
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Albert Fink’s chief characteristics were conscientiousness, pas- 
sionate love truth, fine sense justice, perseverance, untiring 
energy, dauntless courage and strong will. Nothing could make him 
deviate from his path duty. His strong analytical mind never 
rested until had found the truth, the bed-rock facts, and had dis- 
covered all the reasons why things were and could not other- 
wise. His decisions questions submitted him for arbitration 
were nearly always correct and were readily accepted both sides. 
His tenacity purpose, his uncommon intellectual powers, and the 
power concentration which possessed remarkable degree, 
enabled him solve intricate problems fields labor for which 
had not prepared himself, and which had but little ex- 
perience. energetic worker had, perhaps, equal among 
his contemporaries. Courageously and unswervingly advanced 
the goal had set for himself his early youth; educate himself 
thoroughly, develop his faculties the widest extent and rank 
with the highest his When undertook work 
study gave all his energy it, and did thoroughly. was 
deeply versed philosophy and history, and interested science, 
literature and art, and touch with all the questions the day. 

His fairness, honesty and integrity made him admired the men 
with whom came business contact. his business dealings, 
was not only straight from business point view, but was 
morally straight. Several his inventions made the fortunes 
other men, himself neglecting exploit these fruitful sources 
wealth. The utility and perfection his work were his goal, not the 
amassing His employees were devoted him; they 
cheerfully performed the duties assigned them and took the 
deepest interest his success. Even now, after many years have 
passed away, they refer with pleasure the fact that they once 
worked under him. 

Albert Fink was distinguished appearance and unusually hand- 
some. and well proportioned. had noble head and 
broad forehead. His mouth and chin showed the strength and force 
his character, while the expression his large, dark eyes was wise, 
calm and thoughtful and infinitely tender. When spoke, what 
said was clear, concise and the point; very few words told 
great deal. 

enjoyed society, but his life was too busy for him often 
able indulge social pleasure. His manners were simple and 
very cordial. The strength and simplicity his character and the 
kindness and gentleness his nature won for him the affection 
men and women, young and old. had strong and tender love 
for little children. his was simple, and spent little 
for his personal uses, but was lavish giving. one ever called 
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upon him vain for assistance, and, without being called upon, 
lightened the burdens many who will remember him with grateful 
hearts. able good, relieve suffering, was his principal 
happiness. was most remarkable man, true gentleman, and 
one who had reached the highest type humanity. 

Fink was elected member the American Society Civil 
Engineers July 20th, 1870; became Fellow September 3d, 
1872. served Vice-President the Society from November 7th, 
1877, November 5th, 1879, and President from November 5th, 1879, 
November 3d, 1880. 
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FRANCISCO JAVIER CISNEROS, Am. E.* 


Diep 1898. 


The name Cisneros honored one Spain and Cuba, 
each generation adding its lustre, through various channels, litera- 
ture, science, patriotism. The founder the Cuban branch this 
family was Pascual Jimenez Cisneros, distinguished Spanish mili- 
tary officer, who emigrated Cuba 1763, marrying there about six 
years later. Hilario Cisneros Saco, the father Francisco Javier, 
was whose fame for sterling integrity character and for 
patriotism still endures the memory the Cubans. 

Francisco Javier Cisneros was born Santiago Cuba Decem- 
ber, 1836, receiving his earlier education that city. From there 
went Havana, pursuing his studies the more advanced school 
José Caballero, and later the University Havana, 
where was graduated with high honors April, 1857, receiving the 
degree 

His first experience was obtained Assistant Engineer the sur- 
veys the railroad from Mulata Pinar del Rio, northerly 
coast Cuba. the following year, 1858, was employed 
assistant the construction the Sagua-la-Grande Railroad. Sub- 
sequently was engaged the construction branch the Sava- 
nilla Railway, and the completion the latter assumed charge 
the construction portion the Cardenas Railway. Immedi- 
ately after the termination this work, was appointed the 
position Engineer Charge the Ferro-carril del Oeste, running 
from Havana Pinar del Rio. finally became General Manager 
this road, which position retained until 1867. 

Always mindful his country’s welfare, and viewing the tyranni- 
cal rule Spain with the natural repugnance spirit embued with 
the love liberty and independence, Mr. Cisneros commenced early 
use his endeavors toward the amelioration the political evils. 
party having been formed among patriotic Cubans further liberal 
reforms the government Cuba—reforms which the more cultured 
class were persistently demanding, Mr. Cisneros became active 
spirit therein, and 1867 assumed the management the periodical 
Pais, devoting all the efforts his caustic pen the denunciation 
Spanish misrule, and the espousal liberty. Under the pretext 
establishing agencies for the paper, visited all parts the island, 
thus directly coming contact with the advocates home rule and 
independence, and thereby laying the foundation for the Revolution 
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Yara, which broke out October, 1868. From that date until 
1871 all his energies and resources were dedicated his country’s 
cause. personally arranged and conducted seven successful fili- 
bustering expeditions from the United States Cuba, and also the 
field lent his services the struggle against Spanish rule. During 
this period found opportunity contribute many inspiriting arti- 
cles the Cuban revolutionary periodicals, and also wrote several 
professional papers. 

1871, through lack consistent co-operation desist 
from farther active work behalf Cuban independence, Mr. Cisneros 
decided take his residence New York, and pursue his profes- 
sion, the declaring his intention becoming American 
citizen—a citizenship which was always proud. Coincident with 
his return New York he, partnership with Mr. Menocal, 
opened office 115 Broadway, and carried general engineering 
practice until his departure for South America. 

About this time, when the controversy between the advocates 
broad and narrow-gauge railroads was its height, Mr. Cisneros pre- 
pared and read paper before the New York Society Practical En- 
gineers, which was member, strongly supporting the claim for 
narrow-gauge roads for new and undeveloped countries, such the 
South American Republics. This article, with some additions, was 
published later both English and Spanish, and attracted consider- 
able attention, particularly South America. 

During 1871-72, Mr. Cisneros was commissioned the Govern- 
ment Peru make detailed inspection the proposed Ferro- 
del Cerro Pasco, and report thereon, and this work was per- 
formed the entire satisfaction that Government. 

Toward the latter part 1873, the Government the State 
Antioquia, United States Colombia, requested Mr. assume 
charge of, and construct, the proposed railroad from Puerto Berrio, 
the banks the Magdalena River, Medellin, since known the 
Ferro-carril Antioquia. Previous this time narrow trails mule 
roads were the sole avenues for transportation, and the railroad was 
designed open and develop the rich mining fields Antioquia. 
Mr. Cisneros undertook the task assigned him, entered into contract 
with the Government Antioquia, made the necessary reconnoissance 
and preliminary surveys, and commenced the construction the road. 
this work seemingly insurmountable difficulties were encountered 
and overcome, view the existing conditions was accomp- 
lishment under which man less indomitable energy would have 
succumbed. Just the first section the road from Puerto Berrio 
Pavas was completed and opened traffic, the country was thrown 
into state revolution, and during the attendant turmoil the terms 
the contract with Mr. Cisneros were ignored, and the road was seized 
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for military purposes. Mr. Cisneros therefore refused proceed 
with the work, the contract was rescinded, and the road was turned 
over the Government. 

1877, the request General Julian Trujillo, President 
Colombia, Mr. Cisneros agreed assume charge the construction 
the Cauca Railway, projected from Buenaventura, the Pacific Coast, 
Cali, and January, 1878, commenced the preliminary surveys. 
The actual work construction was started later during the same 
year. Mr. Cisneros had view, ultimate object, the joining 
this with the Antioquia Railway, but this project never reached far- 
ther than the preliminary surveys. The work the Cauca Railway 
was interrupted after about miles had been built, the same 
revolutionary movement which stopped the work Antioquia, and, 
the same conditions prevailing, this contract was likewise rescinded. 

1881, Mr. Cisneros entered into contract with the Government 
Colombia carry the construction section the Ferro- 
carril Girardot, which had been projected from the head naviga- 
tion the Upper Magdalena River, Bogota. During the same 
year, under special arrangement with the Government, and direct 
order the National Congress, assumed charge the construction 
the Ferro-carril Dorado, connecting the navigable waters 
the Lower and Upper Magdalena Rivers. This road was completed 
from Las Yeguas point few miles above Honda, after which Mr. 
Cisneros disposed his interests therein. 

1884, Mr. Cisneros, purchase, secured control the Ferro- 
Bolivar, running from Barranquilla Salgar, and shortly 
afterward commenced the extension thereof its present terminus 
Asyndicate, known Barranquilla Railway and 
Pier Company, Limited, was formed London control and operate 
Mr. Cisneros remaining charge Managing Director 
the time his death. Under his management both road and traffic 
were steadily built and improved. 1892 constructed steel 
pier 000 ft. long Puerto Colombia, the ocean terminus the road, 
extending out into the harbor about fathoms water, thus en- 
abling all ocean steamers, which formerly were compelled lighter 
their cargoes ashore, discharge directly into cars. 

Mr. Cisneros was also engaged many other important enterprises 
the Republic Colombia. expended considerable labor 
canalizing the Upper Magdalena River, deepening and clearing the 
channel ali the dangerous points, opening this portion the river 
steam navigation where formerly only canoes and barges were used, 
and doing much besides improve navigation the Lower Magda- 
lena. also established lines steamers the Upper and Lower 
Magdalena. was chiefly instrumental organizing the Colombian 
Transport Company, which operated jointly all the steamers this 
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river and its branches, and for time acted Director General 
the company. constructed and operated the Barranquilla Tram- 
way, and had large interests the Ferro-carril 

During the past twenty-five years, the development Colombia 
has been largely influenced and accelerated Mr. Cisneros, and 
seldom that country’s prosperity owes much the efforts one 
man. His endeavors that field were not toward aggran- 
dizement, but for steady development the enterprises under his 
management, and, consequently, equal development the country’s 
resources. Ultimately, the government and people Colombia ap- 
preciated this Their confidence him was most recently evinced 
selecting him defend their interests controversy between the 
Cauca Railway Company and the Colombian Government, which was 
submitted arbitration New York. was due his management 
the case, and the firm stand which took, that the Government 
Colombia was not forced submit one more unjust award toa 
foreign corporation. 

Mr. Cisneros was indefatigable worker, undaunted difficulties 
reverses, allowing obstacles swerve him from his pre-deter- 
mined path. and friend had peer. With broad 
ideas justice, chivalrously considerate those associated with him, 
asking one what was not willing undergo himself, kind 
and sympathetic, endeared all who were brought into 
close contact with him—a man whom was privilege know, 
honor call friend. 

Mr. Cisneros became member the American Society Civil 
Engineers May 15th, 1872, and the Institution Civil Engineers, 
London, February 5th, 1884. 
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